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Preface 


This book is for candidates working towards GCSE in mathematics: it covers the 
requirements of all the major examination boards. The book contains teaching 
notes, worked examples and carefully graded exercises. These can be used 
selectively for classwork, for homework and for later revision. 


The work is divided into short topics to suit апу required order of treatment. 
The wide choice of questions provides plenty of practice in the basic skills and 
leads on to work of a more demanding nature. Each major part of the book 
concludes with two exercises: one of short revision questions and another of 
actual past examination questions. All numerical answers are given at the end of 
the book. 


The author is indebted to the many pupils and colleagues who have assisted him 
in this work: He is particularly grateful to Reg Moxom, Philip Cutts, Michael 
Day and Micheline Dubois for their invaluable work of correction and 

checking. 


For the second edition the whole text has been revised to reflect the new GCSE 
syllabuses. Redundant material has been removed and in some cases new work 
has been added. Many exercises have been rewritten to add extra interest and 
relevance to everyday life. 


In the new chapter eleven there are numerous ideas for investigations, practical 
problems and puzzles, many of which can be extended at the discretion of the 
teacher and used as a basis for assessment. Also new is chapter twelve which 
consists of mental arithmetic tests and multiple choice revision tests. 


The author would like to thank Lawrence Campbell and all his colleagues at 
school for all their help and suggestions. 


Thanks are also due to the following examination boards for kindly allowing 
the use of questions from their past mathematics papers. 


Associated Examining Board 
East Anglian Examination Board 
Joint Matriculation Board 

? Northern Examining Association for Joint Examinations 
Oxford and Cambridge Schools Examination Board 
Oxford Delegacy for Local Examinations 
Southern Universities' Joint Board 
University of Cambridge Local Examinations Syndicate 
University of London School Examinations Department 
Welsh Joint Education Committee. 
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1.1 ARITHMETIC 


Karl Friedrich Gauss (1777—1855) was the son of a 
German labourer and is thought by many to have been the 
greatest all-round mathematician of all time. He 
considered that his finest discovery was the method for 
constructing a regular seventeen-sided polygon. This was 
not of the slightest use outside the world of mathematics, 
but was a great achievement of the human mind. Gauss 
would not have understood the modern view held by 
many that mathematics must somehow be 'useful' to be 
worthy of study. 





Decimals 
Example 1 
Evaluate: (а) 7-6 + 19 
(b) 3:4 — 0-24 
(с) 7:2x 0:21 
(d) 0:84 + 0-2 
(e) 3-6 + 0-004 
| 31 
(а) 7:6 (b) 3-40 
+ 19.0 — 0-24 
26-6 3.16 
(с) 72 No decimal points in the working, 


х 0:21 ‘3 figures after the points in the 


72 question and in Ше answer'. 


1440 
1.512 


D —  — 


(d) 0:84 --0:28-4+2 


4-2 Multiply both numbers by 10 
2)8-4 so that we can divide by a 
whole number 


(e) 3-6 + 0-004 = 3600 + 4 
— 900 


Exercise 1 


Evaluate the following without a calculator: 


1. 7:6 + 0:31 2. 15 + 7.22 

3. 7:004 + 0-368 4. 0-06 + 0-006 

5. 4:2 + 42 + 420 6. 3:84 — 2-62 

7. 11:4 — 9-73 8. 4-61-3 

9. 17- 0:37 10. 8-7 + 19-2 —3-8 
11. 25—7:8+9:5 12. 3:6 – 8-74 + 9 
13. 20-4 — 20-399 14. 2-6 x 0-6 


15. 0-72 x 0-04 16. 27:2 x 0-08 


Part 1 Number 
17. 0:1x 0-2 18. (0-01)? 
19. 2:1 х 3-6 20. 2-31 x 0:34 
21. 0-36 x 1000 22. 0-34 x 100000 
23. 3:6 + 0:2 24. 0-592 + 0-8 
25. 0-1404 + 0-06 26. 3-24 + 0-002 
27. 0-968 + 0-11 28. 600 - 0-5 
29. 0-007 +4 30. 2640 + 200 
31. 1100 - 5:5 32. (11+2-4) x 0-06 
33. (0-4)? = 0-2 34. 77 + 1000 
35. (0-3)? + 100 36. (0-1)* = 0-01 
37. 92x 4-6 38. 180x 4 
2:3 36 

39. 0-55 x 0-81 40. 63 x 600 x 0-2 

4-5 360 x 7 


Exercise 2 


]. A maths teacher bought 40 calculators at £8-20 
each and a number of other calculators costing 
£2-95 each. In all she spent £387. How many of 
the cheaper calculators did she buy? 


2. At a temperature of 20°C the common amoeba 


reproduces by splitting in half every 24 hours. If we 
start with a single amoeba how many will there be 


after (a) 8 days, (b) 16 days? 
3. Copy and complete. 

37 + 4 + 12? = 132 

52 + 6" + 302 = 312 











6-7- = 
X+ = 
4. Find all the missing digits in these multiplications. 
(а) 5» (b) «7 (с) 5ж 
9х * Х * X 
**6 4*6 1ж4 











10. 


11. 


Design a ruler which can be used to measure all the 
lengths from one unit to twelve units but this time 
put the minimum possible number of marks on the 
ruler. 


. Each packet of washing powder carries a token and 


four tokens can be exchanged for a free packet. 
How many free packets will I receive if I buy 64 
packets? 


. Put three different 


numbers in the circles so 

that when you add the 

numbers at the end of 

each line you always get a 

square number. 

Put four different 

numbers in the circles so 

that when you add the 

numbers at the end of 

each line you always get a 

square number. 

A group of friends share a bill for £13-69 equally 
between them. How many were in the group? 


Fractions 


Common fractions are added or subtracted from 
one another directly only when they have a 
common denominator. 


. Pages 6 and 27 are on the same (double) sheet of a 


newspaper. What are the page numbers on the 
opposite side of the sheet? How many pages are 
there in the newspaper altogether? 


. Use the numbers 1, 2, 3, 4, 5, 6, 7, 8, 9 once each 


and in their natural order to obtain an answer of 


100. You may use only the operations +, —. X, +. 


. The ruler below has eleven marks and can be used 


to measure lengths from one unit to twelve units. 


211111111111! 


Example 1 
Evaluate: (a) 3+ (b) 22-12 
(с) $ix$ (d) 23+6 
2 5 8 3 5 1 7 
(а) itid tx (b 25-157 $— 2 
— 23 =2 H 
= 5 724. 24 
() x$= 8 (d) 2#+6 = #+{ 
=Й ух 1—2? 
-3 Аа. 


1.1  Arithmetic 





Exercise 3 Fractions and decimals 
Evaluate and simplify your answer. A decimal fraction is simply a fraction expressed 
1. 343 2, 141 з. 348 in tenths, hundredths etc. 
4. i-i 5. 3-3 6. $-$ Example 1 
7. 5х5 8. 7х2 9. 5х1 А | | 
jd. 124 Hn. 32 {з бай (a) Change ; to a decimal fraction. 
M SE M d. ЖЭ (b) Change 0-35 to a vulgar fraction. 
13. 8 +5 14. вх 5 15. #75 (c) Change 3 to a decimal fraction. 
16. 13-3 17. 1ixj 18. 11-43 M he : 
dio" ЊЕ MM" (a) +, divide 8 into 7 
19. 35 + 25 20. 35 х 2+ 21. 35+ 25 0-875 
3.24.3 251343 
22. (3-3) +3 23. (5+3) х 1 = 0-875 8)7-000 
3.21 241 
24. 5-3 28, 35 (b) 0:35 = = 3 
107 3 473 22 
Ч (c) 5, divide 3 into 1 
26. Arrange the fractions in order of size: | | 03333 
(а) 5,5,3 (b) 3,2,2 3 = 0-3 (0-3 recurring) 3100101000 
(с) 5.5.53 (d) 3.5.7 
27. Find the fraction which is mid-way between the 
two fractions given: 
в) 3. 0) Ё | 
(o 3,3 OES: Helene 
(e) 75,4 (0 2,4 In questions 1 to 24, change Ше fractions to decimals. 
28. In the equation below all the asterisks stand for 1.1! 2. 2 3. 1 4. 3 
| 3 -5 . 5 -4 
Ше same number. What is the number? 1 3 9 5 
5.5 6. 5 7. 1б 8. 5 
Е 9. 5 10. 4 11. 5 12. 2 
* 6 30 13. 3 14. 3 15. $ 16. 3 
29. When и hatches from its egg, Ше shell of a certain 17. 1i 18. 23 19. 24 20. 15 
crab is 1 cm across. When fully grown the shell is 21. 23 22. 22 6 19 
approximately 10 cm across. Each new shell is is du uc 24. Зла 
one-third bigger than the previous one. In questions 25 to 40, change the decimals to vulgar 
How many shells does a fully grown crab have fractions and simplify. 


during its life? 
30. Glass A contains 100 ml of water and glass В 
contains 100 ml of wine. 


. 25. 0:2 26. 0-7 27. 0-25 28. 0-45 
29. 0-36 30. 0-52 31. 0-125 32. 0:625 
33. 0-84 34. 2.35 35. 3-95 36. 1-05 
37. 32 38. 0-27 39. 0-007 40. 0-00011 


Evaluate, giving the answer to 2 decimal places: 





41. 1+1 42. 5+ 0-75 
100 пи 43. à 0.24 44. jt üt d 
45. 1x 0:2 46. ixi 
A 10 ml spoonful of wine is taken from glass B 47. 1+02 48. (573) + 04 


and mixed thoroughly with the water in glass A. 
А 10 ml spoonful of the mixture from А is ; А | } 
returned to В. Is there now more wine in Ше 49. 3, 0:33, 15 50. 7, 0-3, 5 

water or more water in Ше wine? 51. 0-71, т, 0-705 52. 5, 0-3, Š 


Arrange the numbers in order of size (smallest first) 


12 NUMBER FACTS AND SEQUENCES / 


Number facts 


(a) A prime number is divisible only by itself 
and by one. 
е.р.2,3,5,7,11,13... 
(b) The multiples of 12 are 12, 24, 36, 48... 
(c) The factors of 12 are 1, 2, 3, 4, 6, 12. 
(d) Rational and irrational numbers. 
The exact value of a rational number can be 
written down as the ratio of two whole 
numbers. 
e.g. 3, 25, 5:72, —3}. 
The exact value of an irrational number 
cannot be written down. 


e.g. T, V2, МЗ, М5. 


Exercise 5 


1. Which of the following are prime numbers? 
3, 11, 15, 19, 21, 23, 27, 29, 31, 37, 39, 47, 51, 59, 
61, 67, 72, 73, 87, 99. 

2. Write down the first five multiples of the following 


numbers: 
(a) 4 (b) 6 (c) 10 
(d) 11 (e) 20. 


3. Write down the first six multiples of 4 and of 6. 
What are the first two common multiples of 4 and 
6? [i.e. multiples of both 4 and 6] 

4. Write down the first six multiples of 3 and of 5. 
What is the lowest common multiple of 3 and 5? 

5. Write down all the factors of the following: 
(а) 6 ` (b) 9 (с) 10 
(4) 15 (е) 24 (f) 32 

6. Decide which of the following are rational 
numbers and which are irrational: 


(a) 3-5 (b) 3-153 (c) V7 
(d) 1 (e) 0:072 (f) v2 

А v3 
(g) V4 (h) v (i) > 
(j) У100 (k) -23 () v5 


7. (a) Is 263 a prime number? 
By how many numbers do you need to divide 
263 so that you can find out? 

(b) Is 527 a prime number? 

(c) Suppose you used a computer to find out if 
1147 was a prime number. Which numbers 
would you tell the computer to divide by? 

8. Make six prime numbers using the digits 1, 2, 3, 4, 

5, 6, 7, 8, 9 once each. 


РА 
/ 


Sequences Е. 


Ехегсве 6 


Write down each sequence and find the next two 
numbers. 


1. 2,6, 10, 14 2. 2,9, 16, 23 

3. 95, 87, 79, 71 4. 13, 8, 3, -2 

95. 1,9, 12, 16 *6. 20, 17, 13, 8 

7. 1,2, 4, 7, 11 8. 1,2, 4,8 

9. 55, 49, 42, 34 10. 10,8,5, 1 
11. —18, —13, -9, –б 12. 120, 60, 30, 15 
13. 27,9, 3,1 14. 162, 54, 18, 6 
15. 2,5,11,29 16. 1,4, 20, 120 
17, 2, 3, 1, 4, 0 18. 720, 120, 24, 6 


We can describe a sequence using symbols и, to 
stand for the nth term, and u,,, to stand for thé 
(n + 1)th term. 
For the sequence 3, 8, 13, 18... 
First term, ш; = З 

Ила = Un а 
So Uo = И] +5 

H37U5 5 and $0 on. 


By inspection, the nth term, и, = 3 + (n — 1)5 


Exercise 7 
In questions 1 to 10 write down the first five terms. 


н, =3, Ung a= Un + 2 2. и = 11, ин зи, + 5 
и] = 12, Up= Un 72 4 uy = 5, Un+ = И, + 14 
ил 3, Ung] = ги, 6. и, = 64, Unt, = TUy 
ще 2, Ин = (un)? 8. uy =0, Use = (us + 1 


e Nw 


1 
. 473, u444,77—u, 10. и = 2; ин = — 
и, 
In questions 11 to 18 write down the first four terms. 
Start with n = 1. 


1. u, =n? 12. u = п? – 1 
13. и, = 2п? 14. иг 2п + 1 
15. и, = п(п + 1) 16. и, = 2" 


17. и, = (п + 1(2 +2) 18. и, 3x2" 
In questions 19 to 24 find a formula for the nth term. 


19. 3, 6, 9, 12 20. 5, 10, 15, 20 
21. 1,4, 9, 16 22. 1,1,2, 4.8 
23. 3,9, 27, 81 24. 1х3,2х4, 3х5, 4х6 


* 


1.3 APPROXIMATIONS 


Example 1 


(a) 7:8126 = 8 to the nearest whole number 
T This figure 15 “5 or тоге”. 


(b) 7:8126 = 7:81 to three significant figures 
1 This figure is not “5 or more’. 


(c) 7-8126 — 7-813 to three decimal places 
f This figure is “5 or more'. 


Exercise 8 


Write the following numbers correct to 
(a) the nearest whole number 

(b) three significant figures 

(c) two decimal places 


1. 8:174 2. 19-617 3. 20-041 
4. 0-81452 S. 311:14 6. 0-275 
7. 0-007 47 8. 15-62 9. 900-12 
10. 3-555 11. 5:454 12. 20-961 
13. 0-0851 14. 0-5151 15. 3:071 


Write the following numbers correct to one decimal 
place. 


16. 5:71 17. 0-7614 18. 11:241 
19. 0-0614 20. 0-0081 21. 11:12 


22. Па = 3:1 and b = 7:3 correct to | decimal place, 
find the largest possible value of 
(i) a+b (1) b—a 

23. If x 2 апа y =7 to one significant figure, find the 
largest and smallest possible values of 


0) х+у (1) y —x (iii) 7 


24. In the diagram, ABCD 
and EFGH are rectangles А B 


with AB = 10 cm, NES NS в 






ВС =7 ст, EF = 7 ст | 
and FG = 4 ст, all figures NR | 
accurate to 1 significant D АА 209 С 


Приге. | 
Find (а) Ше largest and (b) Ше smallest possible 
values of the shaded area. 


25. The velocity v of a body is calculated from the 
25 
formula v — PR и where и, s and г are measured 


correct to 1 decimal place. Find the largest 
possible value for v when и = 2-1, s = 5-7 and 

t — 2-2. Find also the smallest possible value for v 
consistent with these figures. 


Estimation 


It is always sensible to check that the answer to a 
calculation is ‘about the right size’. 


Example 2 


57:2 х 110 


Estimate the value of 2.146 x 46:97 


correct to 


one significant figure. 

590x100 _ 
2x58 50 

On a calculator the value is 62-52 (to 4 significant 
figures). 


We have approximately, 


Exercise 9 


In this exercise there are 25 questions, each followed 
by three possible answers. In each case only one 
answer is correct. 

Write down each question and decide (by estimating) 
which answer is correct. 


1, 7:2х 9-8 | 52:16, 98-36, 70-56 | 
2. 2:03 х 58-6 | 118-958, 87-848, 141-116] 
3. 23-4 x 19-3 | 213-32, 301-52, 451-62] 
4. 313 x 107-6 | 3642-8, 4281-8, 33678-8 | 
5. 6:3 x 0:098 (0-6174, 0-0622, 5:98 | 
6. 1200 x 0-89 | 722, 1068, 131 | 
7. 0:21 x 93 [ 41-23, 9-03, 19-53] 

8. 88-8 x 213 | 18914-4, 1693-4, 1965-4 | 
9. 0:04 х 968 | 38-72, 18:52, 95-12] ` 
10. 0-11 x 0-089 [0-1069, 0-0959, 0-00979 | 

11. 13:92 = 5-8 [ 0-52, 4:2, 2-4] 

12. 105-6 + 9-6 | 8-9, 11, 15] 
13. 8405 + 205 [4:6, 402, 41] 
14. 881-1 = 99 [ 4-5, 8-9, 88] 
15. 4-183 + 0:89 | 4-7, 48, 51] 
16. 6-72 + 0-12 [6-32, 21:2, 56] 


17. 20.301 +1010 [0-0201, 0-211, 0-0021 ] 

18. 0.28896 + 0-0096 [312, 102-1, 30-1] 

19. 0-143-0-11 —— (23,13, 11-4] 

20. 159-65 515 [0:11,3-61, 0:31] 

21. (56-0:21) x 39. [389-21; 210-21, 20-51] 

22. UL [294, 504m 86] 

23. (906 + 4-1) х 0-31 [473-21, 282-131, 29-561] 
543 + 472 


24. 1814 10-9 [65, 35, 85] 
112-2 x 75-9 
25. 6-9 5-1 | 242, 20:4, 25:2] 


1.4 STANDARD FORM 





When dealing with either very large or very 


small numbers, it is not convenient to write them 


out in full in the normal way. It is better to use 
standard form. Most calculators represent large 
and small numbers in this way. 


The number а X 10" is in standard form when 


1 <а< 10 and n is a positive or negative integer. 


Example 1 

Write the following numbers in standard form: 
(a) 2000 = 2 x 1000 = 2 x 10? 

(b) 150 = 1:5 х 100 = 1:5 x 10? 


Ий йз РРО -4 
(c) 0-0004 = 4 Хад 4X 10 


Exercise 10 


Write the following numbers in standard form: 


1. 4000 2. 500 3. 70000 

4. 60 5. 2400 6. 380 

7. 46000 8. 46 9, 900000 
10. 2560 11. 0:007 12. 0:0004 
13. 0:0035 14. 0-421 15. 0-000055 
16. 0-01 17. 564000 18. 19 million 


19. The population of China is estimated at 
1100000 000. Write this in standard form. 

20. A hydrogen atom weighs 
0.000 000 000 000 000 000 000 001 67 grams. Write 
this weight in standard form. 

21. The area of the surface of the Earth is about 
510000 000 km?. Express this in standard form. 


22. A certain crius is 0.000 000 000 25 cm in diameter. 


Write this in standard form. 

23. Avogadro's number is 
602 300 000 000 000 000 000 000. Express this in 
standard form. 

24. The speed of light is 300000 km/s. Express this 
speed in cm/s in standard form. 

25. A very rich oil sheikh leaves his fortune of 


£3-6 x 108 to be divided between his 100 children. 


How much does each child receive? Give the 
answer in standard form. 


Example 2 
Work out 1500 x 8 000 000 


1500 x 8000 000 = (1-5 x 103) x (8 x 10°) 
= 12x10? 
= 1:2 х 10 


Notice that we multiply the numbers and the 
powers of 10 separately. 


Exercise 11 


In questions 1 to 12 give the answer in standard form. 


1. 5000 x 3000 2. 60000 x 5000 
3. 0-00007 x 400 4. 0-0007 x 0-00001 
5. 8000 + 0-004 6. (0-002)? 
7. 150 x 0-0006 8. 0-000033 + 500 
9. 0-007 + 20000 10. (0-0001)? 
11. (2000)? 12. 0.00592 + 8000 
13. На = 512 х 10? 
b = 0:478 х 10° 


с = 0:0049 x 10’ 
arrange а, b and c in order of size (smallest first). 

14. If the number 2-74 x 1077 is written out in full, 
how many zeros follow the 4? 

15. If the number 7:31 х 107" is written out in full, 
how many zeros would there be between the 
decimal point and the first significant figure? 

16. Ifx «2x 10? and y = 3 x 1073 correct to one 
significant figure, find the greatest and least 
possible values of 


T. 
(i) xy (ii) Р 
17. ОП flows through a pipe at a rate of 40 т?/5. How 


long will it take to fill a tank of volume 
1:2 х 107 т?? 


18. Given Ша! L = 2 | find the value of L in 


standard form when a = 4-5 x 10? and 

k —5x 10’. 

19. (a) The number 10 to the power 100 (10000 
sexdecillion) is called a ‘Googol’! If it takes 
$ second to write a zero and то second to write 
a ‘one’, how long would it take to write the 
number 100 ‘Googols’ in full? 

(b) The number 10 to the power of a ‘Googol’ is 
called a ‘Googolplex’. Using the same speed 
of writing, how long in years would it take to 
write 1 ‘Googolplex’ in full? You may assume 
that your pen has enough ink. 


1.5 RATIO AND PROPORTION 


The word ‘ratio’ is used to describe a fraction. If 
the ratio of a boy's height to his father's height is 
4:5, then he is $ as tall as his father. 


Example 1 

Change the ratio 2:5 into the form 

(a) 1:n (b) m:1 

(а) 2:5=1:3 (b) 2:5==:1 
= 1:2:5 -0-4:1 

Example 2 


Divide £60 between two people A and B in the 
ratio 5: 7. 


Consider £60 as 12 equal parts (i.e. 5 + 7). Then 
A receives 5 parts and B receives 7 parts. 


А receives 3 of £60 — £25 
B receives 5 of £60 = £35 


Example 3 


Divide 200 kg in the ratio 1:3:4. 
The parts аге 5, à and $ (of 200 kg). i.e. 25 kg, 
75 kg and 100 kg. 


Exercise 12 


Express the following ratios in the form 1: 5: 


1. 2:6 2. 5:30 3. 2:100 
4. 5:8 5. 4:3 6. 8:3 
7. 22:550 8. 45:360 


Express the following ratios in the form п : 1: 


9. 12:5 10. 5:2 11. 4:5 
12. 2:100 


In questions 13 to 18 divide the quantity in the ratio 
given. 


13. £40; (3:5) 14. £120; (3:7) 
15. 250 m; (14:11) 16. £117; (2:3:8) 


17. 180 kg; (1:5:6) 18. 184 minutes; (2:3:3) 


19. When £143 is divided in the ratio 2:4: 5, what is 
the difference between the largest share and the 
smallest share? 

20. Divide 180 kg in the ratio 1:2:3:4. 

21. Divide £4000 in the ratio 2:5:5:8. 


22. If of the children in a school are boys, what is 
the ratio of boys to girls? 

23. A man and a woman share a bingo prize of £1000 
between them in the ratio 1:4. The woman shares 
her part between herself, her mother and her 
daughter in the ratio 2:1:1. How much does her 
daughter receive? 

24. A man and his wife share a sum of money in the 
ratio 3:2. If the sum of money is doubled, in what 
ratio should they divide it so that the man still 
receives the same amount? 

25. [n a herd of x cattle, the ratio of the number of 
bulls to cows is 1:6. Find the number of bulls in 
the herd in terms of x. 

26. If x:3=12:x, calculate the positive value of x. 

27. Пу: 18 =8:у, calculate the positive value of y. 

28. £400 is divided between Ann, Brian and Carol so 
that Ann has twice as much as Brian and Brian 
has three times as much as Carol. How much does 
Brian receive? 

29. А cake weighing 550 g has three ingredients: 
flour, sugar and raisins. There is twice as much 
flour as sugar and one and a half times as much 
sugar as raisins. How much flour is there? 

30. А brother and sister share out their collection of 
5000 stamps in the ratio 5:3. The brother then 
shares his stamps with two friends in the ratio 
3:1:1, keeping most for himself. How many 
stamps do each of his friends receive? 


Proportion 


The majority of problems where proportion is 
involved are usually solved by finding the value 
of a unit quantity. 


Example 4 


If a wire of length 2 metres costs £10, find the 
cost of a wire of length 35 cm. 
200 cm costs 1000 pence 


1 cm costs Эм pence = 5 pence 


35 cm costs 5 х 35 pence — 175 репсе 
— £1.75 


ү?! 


— WV 
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Ехатріе 5 ` 


Eight men can dig a trench in 4 hours. How long 
will it take five men to dig the same size trench? 


8 men take 4 hours 
1 man would take 32 hours 
5 men would take 2 hours — 6 hours 24 minutes. 


Exercise 13 


1. Five cans of beer cost £1.20. Find the cost of 
seven cans. 

2. A man earns £140 in a 5-day week. What is his 
pay for 3 days? 

3. Three men build a wall in 10 days. How long 
would it take five men? 

4. Nine milk bottles contain 4 litres of milk between 
them. How much do five bottles hold? 

5. A car uses 10 litres of petrol in 75 km. How far 
will it go on 8 litres? 

6. A wire 11 cm long has a mass of 187 g. What is 
the mass of 7 cm of this wire? 

7. A shopkeeper can buy 36 toys for £20-52. What 
will he pay for 120 toys? 

8. A ship has sufficient food to supply 600 passengers 
for 3 weeks. How long would the food last for 800 
people? 

9. The cost of a phone call lasting 3 minutes 30 
seconds was 52-5 p. At this rate, what was the cost 
of a call lasting 5 minutes 20 seconds? 

10. 80 machines can produce 4800 identical pens in 5 
hours. At this rate 
(a) how many pens would one machine produce 
in one hour? 
(b) how many pens would 25 machines produce in 
7 hours? 
11. Three men can build a wall in 10 hours. How 
many men would be needed to build the wall in 


how long will it take 10 men to dig a hole 7 feet 


7} hours? 
/ 12. If it takes 6 men 4 days to dig a hole 3 feet p 
deep? 


y 13. Find the cost of 1 km of pipe at 7p for every 40 x | 


ст. 

14. А wheel turns through 90 revolutions per minute. 
How many degrees does it turn through in 1 
second? 

15. Find the cost of 20 grams of lead at £60 per 
kilogram. 

16. The height of an office building is 623 feet. 
Express this height to the nearest metre using 1 m 
= 3-281 feet. 


17. A floor is covered by 800 tiles measuring 10 cm 
square. How many square tiles of side 8 cm would 
be needed to cover the same floor? 

18. Jackie can drive to work in 18 minutes if she 
travels at an average speed of 35 m.p.h. How long 
will the journey take if she drives at an average 
speed of 45 m.p.h.? 

19. A battery has enough energy to operate 8 toy 
bears for 21 hours. For how long could the battery 
operate 15 toy bears? 

20. An aircraft flying at 500 km/h completes a journey 
in 8:4 h. How long would the journey take if it 
flew at a speed of 420 km/h? 

21. An engine has enough fuel to operate at full 
power for 20 minutes. For how long could'the 
engine operate at 3576 of full power? 

22. A large drum, when full, contains 260 kg of oil of. 
density 0-9 віст". What weight of petro 
density 0-84 g/cm?, can be contained4f the drum? 


23. A wall can be built by 6 men working 8 hours per 


day in 5 days. How many days will it take 4 men 
to build the wall if they work only 51 5 поште рег 
дау? 

Foreign exchange 


Money is changed from one currency into 
another using the method of proportion. 


Exchange rates 


Country Rate of exchange 
Belgium (franc) BF 87-0 — £1 
France (franc) Fr 10-9 =£1 
Germany (mark) DM 4-2 = #1 
Italy (lire) lire 2280 = £1 
Spain (peseta) Ptas 182 = £1 


United States (dollar) $174 =£1 


Example 6 


If a bottle of wine costs 8 francs in France, what 
is the cost in British money? 


10-9 francs = £1 
Е. 
1 franc = £ 10-9 
— 1 ==» е 
8 francs = £ 10-9 x 8 = #0-73 
(to the nearest penny) 


The bottle costs approximately 73p in British 
money. 


1.5 Ratio and proportion 


Example 7 
Convert $500 into German marks. 
81.74 = DM 4-2 
B 4.2 
$1 = DM = Е 1) 
" 4-2 
$500 = DM (5 74 x 500) 
= DM 1206 


Exercise 14 


Give your answers correct to two decimal places. Use 
the exchange rates given in the table. 


1. Change the amount of British money into the, 
foreign currency stated. 
(a) £20 (French francs] 
(b) £70 [dollars] 
(c) £200 [pesetas] 
(а) £1-50 [marks] 
(e) £2-30 [lire] 
(f) 90p [dollars] 
2. Change the amount of foreign currency into 
British money. 


(a)Fr. 500 (b) $2500 
(c)DM 7-5 (d) BF 900 
(е) иге 500,000 (f) Ptas 950 


3. An L.P. costs £4-50 in Britain and 54:70 in the 
United States. How much cheaper, in British 
money, is the record when bought in the USA? 


4. A bottle of Cointreau costs 582 pesetas in Spain 
and Fr 48 in France. Which is the cheaper in 
British money, and by how much? 


5, The EEC “Вийег Mountain' was estimated in 1988 
to be costing Fr 218 000 per day to maintain the 
storage facilities. How much is this in pounds? 


6. A Jaguar XJS is sold in several countries at the 
prices given below. 


Britain £15,000 
Belgium BF 1 496 400 
France Fr 194 020 
Germany DM 52080 
USA $24 882 


Write out in order a list of the prices converted 
into pounds. 


7. A traveller in Switzerland exchanges 1300 Swiss 
francs for £400. What is the exchange rate? 


8. An Irish gentleman on holiday in Germany finds 
that his wallet contains $700. If he changes the 
money at a bank how many marks will he receive? 


9. An English soccer fan is arrested in France and 
has to pay a fine of 2000 francs. He has 10000 
German marks in his wallet. How much has he 
left in British money, after paying the fine? 


10. In Britain, a pint of beer costs 65p. In France a 
third of a litre of the same beer costs 4 francs. If 1 
pint is approximately 0-568 litre, calculate the cost 
in pence of a pint of the beer bought in France. 


Map scales 


Example 8 


А map is drawn to a scale of 1 to 50000. 

Calculate : 

(a) the length of a road which appears as 3 cm 
long on the map. 

(b) the length on the map of a lake which i is 
10 km long. 


(a) 1 cm on the map is equivalent to 50000 cm 
on the Earth 


- 3 cm = 3 x 50000 = 150000 cm 
= 1500 m 
= 1:5 Кт 


The road is 1:5 km long. 


(b) 50000 ст = 1 cm on the map 


1 cm = agi; ст on the map 
10 km = 1000 000 cm 


= 1 
10 km = (1000 000 x 50 30) ст 


оп Ше map 
= 20 cm оп Ше map 


The lake appears 20 cm long on the map. 


Exercise 15 
1. Find the actual length represented on a drawing by 


(a) 14 cm (b) 3-2 em 
(c) 0-71 cm (d) 21-7 cm 
when the scale is 1 cm to 5 m. 

2. Find the length on a drawing that represents 
(a) 50m (b) 35 m 
(c) 7:2m (d) 28:6 m 
when the scale is 1 cm to 10 m. 
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3. If the scale is 1: 10000, what length will 45 cm on 
the map represent: 
(a) in cm; (b) inm; (c) in km? 

4. On a map of scale 1: 100000, the distance between 


Tower Bridge and Hammersmith Bridge is 12:3 cm. 


What is the actual distance in km? 

5. On a map of scale 1: 15000, the distance between 
Buckingham Palace and Brixton Underground 
Station is 31:4 cm. What is the actual distance in 
km? 

6. If the scale of a map is 1: 10000, what will be the 
length on this map of a road which is 5 km long? 

7. Тпе distance from Hertford to St Albans is 32 km. 
How far apart will they be on a map of scale 
1: 5000? 

8. The 17th hole at the famous St Andrews golf 
course is 420 m in length. How long will it appear 
on a plan of the course of scale 1: 8000? 


An area involves two dimensions multiplied 
together and hence the scale is multiplied twice. 
For example, if the linear scale is ту, then 

the area scale is 15 X 15 = qoam. 


1.6 PERCENTAGES 


Percentages are simply a convenient way of 
expressing fractions or decimals. “5090 of 

£60' means 2 of £60, or more simply 3 of £60. 
Percentages are used very frequently in everyday 
life and are misunderstood by a large number of 
people. What are the implications if ‘inflation 
falls from 10% to 8%’? Does this mean prices 
will fall? 


Example I 


(a) change 8096 to a fraction 
(b) change $ to a percentage 
(c) change 896 to a decimal. 


(a) 80% = = = = 


3 Ponce ОО ар i8 





(c) 8% === 0-08 


Exercise 16 


1. The scale of a map 15 1: 1000. What are the actual 
dimensions of a rectangle which appears as 4 cm by 
3 cm on the map? What is the area on the map in 
cm?? What is the actual area in m?? 

2. The scale of a map is 1: 100. What area does 1 cm? 
on the map represent? What area does 6 cm? 
represent? 

3. The scale of a map is 1:20000. What area does 
8 cm? represent? 

4. The scale of a map is 1: 1000. What is the area on 
the map of a lake of area 5 km?? 

5. The scale of a map is 1 cm to 5 km. A farm is 
represented by a rectangle measuring 1:5 cm by 
4 cm. What is the actual area of the farm? 

6. On a map of scale 1 cm to 2 km the area of a car 
park is 3 cm?. What is the actual area of the car 
park in hectares? (1 hectare = 10000 m?) 

7. The area of the playing surface at 
Wembley Stadium is 2 of a hectare. What area will 
it occupy on a plan drawn to a scale of 1 : 500? 

8. On a map of scale 1 : 20000 the area of a forest is 
50 ст". On another map the area of the forest is 
8 ст”. Find the scale of the second map. 


Exercise 17 


1. Change to fractions 


(a) 6090 (b) 2496 
(с) 3590 (9) 290 
2. Change to percentages 
(а) 3 (b) 10 
(o) 4 (d) 3 
(е) 0-72 (f) 0:31 
3. Change to decimals 
(a) 3696 (b) 2890 
(c) 790 (d) 13-495 
(e) 3 Оз 


4. Arrange in order of size (smallest first) 
(а) 1; 4596; 0.6 
(b) 0-38; É; 4% 
(c) 0-111; 11%; 1 
(d) 32%; 0:3; 5 


1.6 Percentages 


5. The following are marks obtained in various tests. 

Convert them to percentages. 

(a) 17 out of 20 

(b) 31 out of 40 

(c) 19 out of 80 

(d) 112 out of 200 

(e) 2; out of 25 

(f) 75 out of 20 


Example 2 


A car costing £2400 is reduced in price by 1090. 
Find the new price. 


а _ 10 ., 2400 
1096 of £2400 — 00 T 
= £240 
New price of car = £(2400 — 240) 
= £2160 
Example 3 


After a price increase of 10% a television set 
costs £286. What was the price before the 
increase? 


The price before the increase is 100% 
110% of old price = £286 


: 286 
о, — о QA 
1% of old price = £ 110 
o ce — { 286 100 
100% of old price = £ 11051 


ОМ price of TV — £260 


Exercise 18 


1. Calculate 
(a) 30% of £50 
(c) 4% of $70 


(b) 45% of 2000 kg 
(d) 2-596 of 5000 people 


2. In a sale, a jacket costing £40 is reduced by 
2096. What is the sale price? 

3. The charge for a telephone call costing 12p is 
increased Бу 10%. What is the new 
charge? 

4. In peeling potatoes 476 of the mass of the 
potatoes is lost as ‘peel’. How much is /eft for use 
from a bag containing 55 kg? 

5. Work out, to the nearest penny 
(а) 6:495 of £15-95 (b) 11-2% of £192-66 
(c) 8-6% of £25-84 (b) 2-995 of #18-18 


10. 


11. 


12. 


13. 


14. 


I5. 


16. 


| 17. 
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. Find Ше total bill: 


5 golf clubs at £18:65 each 

60 golf balls at #16-50 per dozen 

1 bag at £35-80 

V.A.T. at 1576 is added to the total cost. 


. In 1987 a club has 250 members who each pay £95 


annual subscription. In 1988 the membership 
increases by 496 and the annual subscription is 
increased by 6%. What is the total income from 
subscriptions in 1988? 


. In 1987 the prison population was 48700 men and 


1600 women. What percentage of the total prison 
population were men? 


. In 1988 there were 21 280000 licensed vehicles on 


the road. Of these, 16486000 were private cars. 
What percentage of the licensed vehicles were 
private cars? 


A quarterly telephone bill consists of £19-15 rental 
plus 4-7 p for each dialled unit. V.A.T. is added at 
1596. What is the total bill for Mrs Jones who 

used 915 dialled units? 


Johnny thinks his goldfish got chickenpox. He lost 
70% of his collection of goldfish. If he has 60 
survivors, how many did he have originally? 


The average attendance at Everton football club 
fell by 7% in 1982. If 2030 fewer people went to 
matches in 1982, how many went in 1981? 


When heated an iron bar expands by 0:2%. If the 
increase in length is 1 cm, what is the original 
length of the bar? 


In the last two weeks of a sale, prices are reduced 
first by 3096 and then by a further 4096 of the new 
price. What is the final sale price of a shirt which 
originally cost £15? 


During a Grand Prix car race, the tyres on a car 
are reduced in weight by 390. If they weigh 388 kg 
at the end of the race, how much did they weigh 
at the start? 


Over a period of 6 months, a colony of rabbits 
increases in number by 2590 and then by a further 
30%. If there were originally 200 rabbits in the 
colony how many were there at the end? 


A television costs £270-25 including 15% V.A.T. 
How much of the cost is tax? 


. The cash price for a car was £7640. Mr Elder 


bought the car on the following hire purchase 
terms: “А deposit of 2090 of the cash price and 36 
monthly payments of #191-60” 

Calculate the total amount Mr Elder paid. 
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Exercise 19 


British Gas 





Share Offer 


In 1986 the Government sold shares in British Gas 
to members of the public. Because the shares were 
oversubscribed, most people did not receive all the 
stares they applied for. A simple formula was devised 
to work out the allocation of shares. People 
received 1096 of the number they applied for plus 
another 300 shares. So if someone applied for 4000 
shares, she received (1096 of 4000) + 300 shares 
(е 700). 

People had to pay 50р for each share they received. 
When dealing in the shares opened on the Stock 
Market the price of shares went up to a value between 
60p and 75р (share prices vary from day to day). 

Answer the following questions. 

1. Mr Jones applied for 500 shares. How much profit 

did he make when he sold his entire allocation at 

64p per share? 

Mrs Miller applied for 5000 shares and sold her 

entire allocation at a price of 67p per share. How 

much profit did she make? 

3. Mr Gandee sold his allocation when the price was 
65p. He received a total of £1105. How many 
shares did he apply for? 

4. Ms І ламе! sold her allocation when the price was 
.69p. She received a total of £586-50. How many 
shares did she apply for? 

5. Mr Wyatt sold his allocation when the price was 
66p and he made a profit of £400. How many shares 
did he apply for? 

6. Mrs Morgan sold her allocation when the price was 
68p and she made a profit of £270. How many 
shares did she apply for? 

7. Miss Green applied for 2600 shares and then sold 
her allocation to make a profit of £67:20. At what 
price did she sell the shares? 

8. Mr Singh applied for 60000 shares and then sold 
his allocation to make a profit of £1386. At what 
price did he sell the shares? 


> 


In Ше next exercise use the formulae: 


_ Actual profit ., 100 
Percentage profit Original Snc 1 


Actual loss ., 100 


Percentage loss = Original price ^ 1 


Example 4 


А radio is bought for £16 and sold for £20. 
What is the percentage profit? 
Actual profit = £4 


Percentage profit — 4 x x = 25% 


The radio is sold at a 25% profit. 


Example 5 


A car is sold for £2280, at a loss of 5% on the 
cost price. Find the cost price. 


Do not calculate 596 of £2280! 
The loss is 590 of the cost price. 


9596 of cost price = £2280 


2 - 22280 
1% of cost price — £ "Os. 
10076 of cost price — £ x х 16 


Cost price = £2400. 


Exercise 20 


1. The first figure is the cost price and the second 
figure is the selling price. Calculate the percentage 
profit or loss in each case. 

(a) £20, £25 (b) £400, £500 
“ (c) £60, £54 (d) £9000, $10 800 
- (e) £460, £598 (f) £512, £550-40 
‹ (р) £45, £39-60 (h) 50р, 23p 

2. A car dealer buys a car for £500, gives it a clean, 
and then sells it for £640. What is the percentage 
profit? 

3. А damaged carpet which cost £180 when new, 
is sold for £100. What is the percentage loss? 

4. During the first four weeks of her life, a baby 
girl increases her weight from 3-2 kg to 4-7 Кр. 
What percentage increase does this represent? 
(give your answer to 3 sig. fig.) 


~ 5. When V.A.T. is added to the cost of a car tyre, 


its price increases from £16-50 to £18-48. What is 
the rate at which V.A.T. is charged? 


1.6 Percentages 


6. In order to increase sales, the price of a Concorde 
airliner is reduced from £30 000 000 to £28 400 000. 
What percentage reduction is this? 

7. Find the cost price of the following: 

(a) selling price £55, profit 1096 
(b) selling price £558, profit 24% 
(c) selling price £680, loss 1590 
(d) selling price £11.78, loss 5% 

8. An oven is sold for £600, thereby making a profit 
of 2096, on the cost price. What was the cost 
price? 

9. A pair of jeans is sold for £15, thereby making a 
profit of 25% on the cost price. What was the cost 
price? 

10. A book is sold for 55:40, at a profit of 896 on the 
cost price. What was the cost price? 

11. An obsolete can of worms is sold for 48p, 
incurring a loss of 20%. What was the cost price? . 

12. A car, which failed its MOT test, was sold for 
£143, thereby making a loss of 3576 on the cost 
price. What was the cost price? 

13. If an employer reduces the working week from 
40 hours to 35 hours, with no loss of weekly pay, 
calculate the percentage increase in the hourly 
rate of pay. 

14. The rental for a television set changed from £80 
per year to £8 per month. What is the percentage 
increase in the yearly rental? 

15. A greengrocer sells a cabbage at a profit of 375% 
on Ше price he pays for it. What is Ше ratio of the 
cost price to the selling price? 

16. Given that С = ab, find the percentage 
increase in G when both a and b increase by 1076. 


17. Given that 7 = г. find Ше percentage 


increase in 7 when К, x and y all increase by 2076. 


Percentage error 


Suppose you work out п by measuring cylinders 
and get an answer of 3-27. The value of т 
correct to 4 5.Е. is 3-142. 


The percentage error is 


3-27 — 3.142 100 еэ. 
3.142 X epe 4-1% (2 SIg. fig.) 


actual error _, 100 


In general, % error = 
Б EOS exact value ^ 1 
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Exercise 21 
Give answers correct to 3 significant figures. 


1. A man's salary is estimated to be £20000. 

His actual salary is £21,540. Find the percentage 
error. 

2. The speedometer of a car showed a speed of 
68 m.p.h. The actual speed was 71 m.p.h. 

Find the percentage error. 

3. The rainfall during a storm was estimated at 
3-5 cm. The exact value was 3-1 cm. Find the 
percentage error. 

4. The dimensions of a rectangle were taken as 
80 x 30. The exact dimensions were 81:5 x 29-5. 
Find the percentage error in the area. 

5. The answer to the calculation 3-91 x 21-8 is 
estimated to be 80. Find the percentage error. 

6. An approximate value for т is Z A more accurate 
value is given on most calculators. Find the 
percentage error. 

7. А wheel has a diameter of 58-2 cm. Its 
circumference is estimated at 3 x 60. Find the 
percentage error. 

8. To the calculation 56:2 x 9-1 — 4-53, Katy and 
Louise gave estimates of 50 x 10 — 4 and 60x 9 — 5 
respectively. Who made the more accurate 
estimate? 

9. A speed of 60 km/h is taken to be roughly 18 m/s. 
Find the percentage error. | 


Compound interest 


Suppose a bank pays a fixed interest of 1076 on 
money in deposit accounts. À man puts £500 in 
the bank. 


After one year he has 
500 + 10% of 500 = £550 


After two years he has 
550 + 1090 of 550 = £605 


[Check that this is 1-10? x 500] 


After three years he has 
605 + 1096 of 605 — £665-50 


[Check that this is 1:10? x 500] 


In general after п years the money in the bank 
will be £(1-10" х 500) 
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Exercise 22 


These questions are easier if you use a calculator with 
a button. 


1. A bank pays interest of 990 on money in deposit 
accounts. Mrs Wells puts £2000 in the bank. 

How much has she after (a) one year, (b) two 
years, (c) three years? 

2. A bank pays interest of 1196. Mr Olsen puts £5000 
in the bank. How much has he after (a) one year, 
(b) three years, (c) five years. 

3. А computer operator is paid £10000 a year. 
Assuming her pay is increased by 7% each year, 
what will her salary be in four years time? 

4. A new саг is valued at £15 000. At the end of each 
year its value is reduced by 1590 of its value at the 
start of Ше. year. What will it be worth after 6 
years? 


$. Twenty years ago a bus driver was paid #50 a week. 


He is now paid £185 a week. Assuming an average 
rate of inflation of 7%, has his pay kept up with 
inflation? 

6. Assuming an average inflation rate of 890, work 
out the probable cost of the following items in 
10 years: 

(a) car £6500 
(b) T.V. £340 
(c) house £50 000 

7. The population of an island increases Бу 1096 each 
year. АКет how many years will the original 
population be doubled? 

8. A bank pays interest of 1190 on money in deposit 
accounts. After how many years will a sum of 
money have trebled? 

9. (а) Draw the graph of y = 1:08“ for values of x 

from 0 to 10. 
(b) Solve approximately the equation 1-08* = 2. 
(c) Money is invested at 896 interest. After how 
many years will the money have doubled? 


Income tax 


The tax which an employee pays on her income 
depends on (a) how much she is paid 

(b) her allowances 

(c) the rate of taxation. 


Tax is paid only on the ‘taxable income’. 


Total income = Allowances + Taxable income. 





Example 6 


Calculate the tax paid each month by a man 
whose annual salary 1s £8500, with allowances of 
£2100, where the rate of taxation is 30% of the 
first £10 000 of taxable income. 


Total income = Allowances + Taxable income 
Taxable income = 8500 — 2100 


= £6400 

Tax paid in one year = 30% of £6400 
= £1920 

Tax paid per month = 1920 + 12 
= £160 


Example 7 


Calculate the annual salary of a woman who has 
allowances of £2350 and who pays £1404 in tax. 
The rate of taxation is 30%. 


Let her taxable income be £x 


30 
100 X * = 1404 - 
x = 1404 х 30 
- 4680 

Annual salary = Taxable income + Allowances 
— #4680 + £2350 
= #7030 

Exercise 23 


In questions 1 to 3, Ше rates of taxation are as follows: 


taxable income rate 
£1— 11250 3096 


£11251— 13250 4040 
£13251 — 16 750 4590 
over Е16 751 50% 


1. Calculate Ше tax paid by someone with income and 

allowances as follows: 

(a) income £6000, allowances £1400 

(b) income £2750, allowances £1375 

(c) income £12 500, allowances £1375 

(d) income £14 500, allowances £2050 

(e) income £17 600, allowances £2760 

(f) income £35 000, allowances £2000 


1.7 Speed, distance and time 


2. Calculate the income of a person whose 
amount of tax paid and allowances are as 
follows: 
(a) tax paid £2400, allowances £2000 
(b) tax paid £960, allowances £2000 
(c) tax paid £3360, allowances £1950 
(d) tax paid £4200, allowances £2660 
(e) tax paid £4000, allowances £3400 
(f) tax paid £5600, allowances £4055 
3. In the budget the Chancellor raises 
allowances by 8% and reduces the rate of 
taxation from 3290 to 3090. 
(a) How much less tax is payable on an 
income of £8800 with original allowances of 
£1800? 
(b) What is the saving for someone with an income 
of £13 000 and allowances of £2000? 


1.2 SPEED, DISTANCE AND TIME 
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4. A man with an income of £7500 and allowances of 
£1800, paid £1824 in tax. What is the rate of 
taxation? 

5. A man with an income of £10850 and allowances of 
£2140, paid £2525-90 in tax. What is the rate of 
taxation? 

6. Mr Green earns £95 per week and has allowances 
of £2450. Mrs Patel earns £19 400 per annum and 
has allowances of £3680. They both pay all their tax 
at basic rate. How much does each person save per 
year when the basic rate of tax is reduced from 
2996 to 2590? 





Calculations involving these three quantities 
are simpler when the speed is constant. The 
formulae connecting the quantities are as 
follows: 

(a) distance — speed x time 


. distance 

(b) speed — aa 
. | — distance 
(c) time — EDT 


A helpful way of remembering these formulae is 
to write the letters D, S and T in a triangle, 


thus: to find D, cover D and we 
have ST 
to find 5, cover S and we 


have 2 


to find 7, cover T and we 


have 2 


Great care must be taken with Ше units in these 
questions. 


Example 1 


А man is running at a speed of 8 km/h for a 
distance of 5200 metres. Find the time taken in 
minutes. 


5200 metres = 5:2 km 


time taken in hours — (5) = T 
= 0-65 hours 
time taken in minutes = 0-65 x 60 
= 30 minutes. 


Example 2 


Change the units of a speed of 54 km/h into 
metres per second. 


54 km/hour = 54000 metres/hour 


25100025 
60 metres/minutle 


_ 54000 
= 60 x 60 metres/second 


= 15 m/s. 
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Part 1 Number 


Exercise 24 


1. Find the time taken for the following 


5, 


journeys: 

(a) 100 km at a speed of 40 km/h 

(b) 250 miles at a speed of 80 miles per hour 

(c) 15 metres at a speed of 20 cm/s. (answer in 
seconds) 

(d) 10* metres at a speed of 2:5 km/h 


. Change the units of the following speeds as 


indicated: 

(a) 72 km/h into m/s 

(b) 108 km/h into m/s 

(c) 300 km/h into m/s 

(d) 30 m/s into km/h 

(e) 22 m/s into km/h 

(f) 0-012 m/s into cm/s 

(g) 9000 cm/s into m/s 

(h) 600 miles/day into miles per hour 

(i) 2592 miles/day into miles per second 


. Find the speeds of the bodies which move as 


follows: 

(a) a distance of 600 km in 8 hours 

(b) a distance of 31-64 km in 7 hours 

(c) a distance of 136-8 m in 18 seconds 

(d) a distance of 4 x 10* m in 107? seconds 

(e) a distance of 5 x 10? cm in 2 x 1077 seconds 
(f) a distance of 10* mm in 30 minutes (in km/h) 
(g) a distance of 500 m in 10 minutes (in km/h) 


. Find the distance travelled (in metres) in Ше 


following: 

(a) at a speed of 55 km/h for 2 hours 

(b) at a speed of 40 km/h for 4 hour 

(c) at a speed of 338.4 km/h for 10 minutes 

(d) at a speed of 15 m/s for 5 minutes 

(e) at a speed of 14 m/s for 1 hour 

(f) at a speed of 4 x 10° m/s for 2 х 107? seconds 
(2) at a speed of 8 x 10° cm/s for 2 minutes 


A car travels 60 km at 30 km/h and then a further 
180 km at 160 km/h. Find 

(a) the total time taken 

(b) the average speed for the whole journey 


. А cyclist travels 25 kilometres at 20 km/h and then 


a further 80 kilometres at 25 km/h. Find 
(a) the total time taken 
(b) the average speed for the whole journey 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


. A swallow flies at a speed of 50 km/h for 3 hours 


and then at a speed of 40 km/h for a further 
2 hours. Find the average speed for the whole 
journey. 


. Sebastian Coe ran two laps around a 400 m track. 


He completed the first lap in 50 seconds and then 
decreased his speed by 590 for the second lap. 
Find 

(a) his speed on the first lap 

(b) his speed on the second lap 

(c) his total time for the two laps 

(d) his average speed for the two laps. 


. The airliner Concorde flies 2000 km at a speed of 


1600 km/h and then returns due to bad weather at 
a speed of 1000 km/h. Find the average speed for 
the whole trip. 


A train travels from A to B, a distance of 100 km, 
at a speed of 20 km/h. If it had gone two and a 
half times as fast, how much earlier would it have 
arrived at B? 


Two men running towards each other at 4 m/s and 
6 m/s respectively are one kilometre apart. How 
long will it take before they meet? 


A car travelling at 90 km/h is 500 m behind 
another car travelling at 70 km/h in the same 
direction. How long will it take the first car to 
catch the second? 


How long is a train which passes a signal in twenty 
seconds at a speed of 108 km/h? 


А train of length 180 m approaches a tunnel of 
length 620 m. How long will it take the train to 
pass completely through the tunnel at a speed of 
54 km/h? 


An earthworm of length 15 cm is crawling along at 
2 cm/s. An ant overtakes the worm in 5 seconds. 
How fast is the ant walking? 


A train of length 100 m is moving at a speed of 
50 km/h. A horse is running alongside the train at 
a speed of 56 km/h. How long will it take the 
horse to overtake the train? 


A car completes a journey at an average speed of 
40 m.p.h. At what speed must it travel on the 
return journey if the average speed for the 
complete journey (out and back) is 60 m.p.h.? 


1.8 CALCULATOR 


In this book, the keys are described thus: 


add, square root 
[-] subtract, square 
multiply, l/x| reciprocal 
НТ х | raise number у 
Е оме, to Ше power x 
|- | equals, add number to 
memory 
recall number 
from memory 
Example 1 


Evaluate the following to 4 significant figures: 


2-3 b. 
9) 473301 (b) са 


(с) V[3-2 x (1:7 — 1:64) 


(a) ij Find the denominator first 


[4-7] [+] [3:61] [=] [M+] 
[2:3] [+] [MR] [=] 


Answer 0-2768 (to four sig. fig.) 
Alternatively: 


[47] [+] [3-61] [2] [=] [23] [2] [№] 
1 4 
©) (сова) 


[ва] [ux] [>] [4] [=] 


Answer 20090 to (four sig. fig.) 
(c) V[3-2(1-7 — 1:64) 
[=] [4-64] [=] [=] 
п 
Answer 0-5769 (to four sig. fig.) 


Note: To find a cube root, raise to the power 1, 
or as a decimal 0.333 ... 


Exercise 25 
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Use a calculator to evaluate the following, giving the 


answers to 4 significant figures: 


223 
е 


11. 
13. 
15. 
17. 
19. 
21. 
23. 
(897) 
1-61 
27. 


29. 
31. 
33, 
35. 


37. 


39. 


7:351 х 0-764 
1.847 
0-0741 x 9-61 
23.1 

8-41 


° 7-601 x 0-00847 


9-61 


° 17.4 х 1:51 


0-76 


` 0:412 ~ 0:317 


111 
27-4 + 2960 
6:51 — 0-1114 
7-24 4- 1-653 
0-943 — 0-788 

1:4 — 0-766 
8-06 1-594 
5.91 1:62 

374 1 

16х2:89 0-741 
" E m 
0-961 ^ 0-412 


11 
42(45-55) 


1-63 Үү 
1:7~0-911 
(#2 x 1-611 
9-83 x 1.74 
(1-562)” 
(1-71 — 0-863)® 
V(4-714) 
3 (е 
7-93 


V(8-6 x 9-71) 


2. 


10. 
12. 
14. 
16. 


18. 


22. 


32. 


1 4 
i (ada) 
. V(0-9316) 
38. 


A 
© 


0:0741 x 14700 
0:746 
417-8 x 0-00841 
0.07324 

4:22 


° 1-701 x 5:2 


8.71 х 3:62 
0:84 
81:4 
72-6 + 51:92 
27-4 + 11-61 
5:9 — 4:763 
5-71 4 6-093 
9.05 — 5-77 


1-6 
11-4 — 3-61 9-7 
11 


'72 146 


1,1 1 


— — eae = 


7 13 8 


. V(9-61 + 0-1412) 


. (1:74 + 9-611)2 
96 150 
°\2-4 0-74 


30. 


(0-741) 


(0-32)3 + (0-511)* 


V(0-8145 — 0-799) 


3 | 1-91 
4-2 — 3-766 





18 Parti Number 
4. (55-35) o, 79) + 16 gg, 832-1004 ss, 16-0476 
7-6 18-5 9-63 * 0-004 — 0-0083 ' 2398 x 41.2 
(0-761)? — У(4-22) 3/ (1-74 x 0-761 57 2-3 ) 84 \3 
ыг 1-96 ма 0-0896 0-791 58. 1287 — 0-47 
: 5 3 
8:6 x 1-71\3 9.61 — V (9-61) 59. (=) 22 82 
45. (sexum 46. 9-61? 7-332 90. 2.3 0-52 
- 1 3 
42. 9-6 x 10* x 3-75 x 107  8&:06x 10 M 61. $3 ig 62. 13512 
8-88 х 109 1:71 x 1075 ЩЕ 
:3 — 4-291 9-001 — 8: 
3:92 x 1077 1:31x 2:71 x 105 63. — uu 64. 2000 827 
S ur pnr em үр 50. | ———————— 2:6 0-95 
1-884 x 10 1:91 x 104 37:26:25 
|. Е У(86:6 5. PLEDE 66. (3-6 x 10-8)? 
51. (55-55) 52. 00 9-8 
У(4-71) 67. (8-24 x 105? 68. (2-17 x 1073) 
23-7 х 0-0042 0-482 + 1-6 yl 3| 4.7 
SS d oT M ак 69. (7-095 x 1076) 70. 1 (22) 
REVISION EXERCISE 1A 
1. Evaluate, without a calculator: 
(a) 148 + 0-8 (b) 0-024 + 0-00016 
(c) (0-2)? + (0-1)? (d) 2-3-1-1 8. (a) £143 is divided in the ratio 2:3:6; calculate 
11 the smallest share. 
(e) 13x 1$ (f) 11121 (b) А prize is divided between three people X, Y 
E and Z. If the ratio of X's share to Y's share is 


. On each bounce, a ball rises to $ of its previous 


height. To what height will it rise after the third 
bounce, if dropped from a height of 250 cm? 


. А man spends 3 of his salary on accommodation 


and 2 of Ше remainder оп food. What fraction is 
left for other purposes? 


. a=}, b=}. Which one of the following has the 


greatest value? 


(i) ab (ii) а+ь (ій) г (iv) > (v) (аЬ)? 


‚ Express 0-05473 


(a) correct to three significant figures 
(b) correct to three decimal places 
(c) in standard form. 


. Evaluate i4 3, correct to three decimal 


places. 


. Evaluate the following and give the answer in 


standard form: 
(a) 3600--0:00012 
(c) (30000)? 


3:33 x 104 
(b) 9 х 107! 


10. 


11. 


12. 


3:1 and Y's share їо 2/5 share is 2: 5, 
calculate the ratio of X's share to Z’s share. 

(c) ТЁа:3 = 12:a, calculate the positive value of 
a 


. Labour costs, totalling £47-25, account for 6390 of 


a car repair bill. Calculate the total bill. 

(a) Convert to percentages 
(i) 0-572 (ii) 2 

(b) Express 2:6 kg as a percentage of 6:5 kg. 

(c) In selling a red herring for 92p, a fishmonger 
makes a profit of 15%. Find the cost price of 
the fish. 

The length of a rectangle is decreased by 25% and 

the breadth is increased by 40%. Calculate the 

percentage change in the area of the rectangle. 

(a) What sum of money, invested at 996 interest 
per year, is needed to provide an income of 
£45 per year? 

(b) A particle increases its speed from 8 x 10? m/s 
to 1-1 x 10° m/s. What is the percentage 
increase? 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


Revision exercise 1A 


A family on holiday in France exchanged £450 for 

francs when the exchange rate was 10-70 francs to 

the pound. They spent 3700 francs and then 

changed the rest back into pounds, by which time 

the exchange rate had become 11-15 francs to the 

pound. How much did the holiday cost? 

(Answer in pounds.) 

A welder has an income of £8400 and allowances 

which total £1950. How much tax does he pay 

each month if the rate of taxation is 28% of 

taxable income? He receives a pay rise and 

subsequently pays £162:40 in tax each month. 

Assuming the same allowances and rate of 

taxation, calculate his new salary. 

A map is drawn to a scale of 1 : 10000. Find: 

(a) the distance between two railway stations 
which appear on the map 24 cm apart. 


(b) the area, in square kilometres, of a lake which 


has an area of 100 cm? on the map. 

А map is drawn to a scale of 1 : 2000. Find: 

(a) the actual distance between two points, which 
appear 15 cm apart on the map. 

(b) the length on the map of a road, which is 
1-2 km in length. 

(c) the area on the map of a field, with an actual 
area of 60000 m?. 

(a) On a map, the distance between two points is 
16 cm. Calculate the scale of the map if the 
actual distance between the points is 8 km. 

(b) On another map, two points appear 1:5 cm 
apart and are in fact 60 km apart. Calculate 
the scale of the map. 

(а) A house is bought for £20 000 and sold for 
£24 400. What is the percentage profit? 

(b) A piece of meat, initially weighing 2-4 kg, is 
cooked and subsequently weighs 1-9 kg. What 
is the percentage loss in weight? 

(c) An article is sold at a 6% loss for £225-60. 
What was the cost price? 

(a) Convert into metres per second: 

(1) 700 cm/s 
(ii) 720 km/h 
(iii) 18 km/h 

(b) Convert into kilometres per hour: 
(i) 40 m/s (ii) 0-6 m/s 

(a) Calculate the speed (in metres per second) 
of a slug which moves a distance of 30 cm in 
1 minute. 

(b) Calculate the time taken for a bullet to travel 
8 km at a speed of 5000 m/s. 

(c) Calculate the distance flown, in a time of four 
hours, by a pigeon which flies at a speed of 
12 m/s. 


21. 


22. 


ЁС 


26. 


27. 


28. 
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А motorist travelled 200 miles in five hours. Her 

average speed for the first 100 miles was 50 m.p.h. 

What was her average speed for the second 100 

miles? 

(a) Without using tables, write down the value of: 
(i) V0-0025 (ii) V2; 

(b) Given V15 = 3-87 and V1-5 = 1:22, write 


down: 

(i) V150 (ii) V1500 (iii) М0-0015 
(c) Given V19 = 4.36 and V1-9 = 1-38, write 

down: 

(i) V19000 (ії) V190 (ii) МО-00019 


Write down the first four terms of the following 
sequences. 

(a) и! =5, Чан = И, + 3 

(5) из = 2, Une = 3u, 

(c) и, = 60, Ип+1 = Uy — 7 

(d) u,=3, Unti = (ил) 


: Throughout his life Mr Cram's heart has beat at 


an average rate of 72 beats per minute. Mr Cram 
is sixty years old. How many times has his heart 
beat during his life? Give the answer in standard 
form correct to two significant figures. 


. Estimate the answer correct to one significant 


figure. Do not use a calculator. 

(а) (612 x 52) 49-2 (b) (11:7 + 997-1) x 9-2 
91-3 

(c) 10-1 (d) m V(5-2? + 18-22) 

Evaluate the following using a calculator: 


(answers to 4 sig. fig.) 
9-61 
(5) Vata 34 - 7- a) 


(a) ucc с 
0:81 x 1:631 
0:741 8:4 — 7-642 
(с) (229. nx) (d) 3-333 — 1:735 


Evaluate the following and give the answers to 3 
significant figures: 
3 1 1 y 
a . А ------ 
(а) V(9-61x0-0041) (b) (55 15) 
15:6 х 0-714 " ] 
(©) 0.0143 x 12 ч) Це х то) 
The edges of a cube are all increased by 10%. 
What is the percentage increase in the volume? 
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EXAMINATION EXERCISE 1B 





1. (a) Given that 


e) 


find the value of t, to 3 sig. fig., when € = 2:31 and 2 = 9:81 
(b) Using another formula, the value of 1 is given by 


Pu 2-317 + 0-9? 
2:31 х 9.81 /` 
Without using а calculator, and using suitable approximate values for the 
numbers in the formula, find an estimate for the value of t. (To earn the 


marks in this part of the question you must show the various stages of your 
working.) 


ки 
ELI 
Le й 

2 c 


The ten tiles shown above are used in a game to make words and the scores 

shown on the tiles are added together. For example, BONE scores 

2+7+6+4 = 19. 

(a) Calculate the score юг DOUBT. 

(b) A player makes a five-letter word and scores a total of 17. Four of the letters 
in the word are A, B, E, O. What is the fifth letter? 

(c) Another player makes a five-letter word using the letters L, N, O and two 
others. The score for the word is 23. What could the other two letters be? 

(d) What is the highest possible score for four letters which are all different? 

(e) A player makes a four-letter word with a score of 33. All the letters in the 
word are different. What are the four letters? [M] 


13809 10 


From these numbers, write down: 

(a) the prime number, (Note: 1 is NOT a prime number) 

(b) a multiple of 5, 

(c) two square numbers, 

(d) two factors of 32. 

(e) Find two numbers m and n from the list such that 
т= Мп and п= МВ. 

(f) If each of the numbers in the list can be used once, find p, д, г, s, t such that 
(p * q)r = 2(5 t t) = 36. [S] 


. Violet intends to make herself an outfit to wear at her brother's wedding in 


October. She decides to make a pair of trousers, a blouse and a tunic. The table 
below shows the quantity of fabric required for her size and the cost per metre of 
the various materials she has chosen. 


Examination exercise 1B 


21 








Item Quantity in metres Cost per metre 
Trousers 2-40 £4-90 
Blouse 2-90 £3-10 
Tunic 1-50 £6-40 
Lining 1-50 £1:40 


(a) Calculate the cost of each of these four items. 
(i) Trousers 
(ii) Blouse 
(iii) Tunic 
(iv) Lining 
(b) Calculate the cost of 
(i) 1 zip (18 cm) at 5p per ст, 
(ii) 6 buttons at 9p each, 
(iii) 3 reels of thread at 57p each, 
(iv) 1-50 m of tape at 12р per metre. 
(c) Calculate the TOTAL cost of the items listed in (a) and (b). 
(d) Violet is entitled to a discount of 8% on the total cost. 


Calculate, to the nearest penny, how much she actually pays. [L] 
| Four star petrol costs 38-6p per litre. One gallon is Ше 
X k k x per litre same as 4:55 litres. What is the cost, to the nearest 





penny, of one gallon of petrol? [NI] 


38.6р 


. The scale of a map is 1: 25000. A forest is represented on Ше map as а shape 


whose perimeter is 12 cm and whose area is 10 ст. 
(a) Find the perimeter of the forest in kilometres. 
(b) Find the area of the forest in square metres. [M] 


. А householder is having a garden path made out of concrete. The table shows 


various mixes of concrete for different uses. 


Purpose Composition by volume 
Mix 1 Foundation, drives, Cement: Sand: Aggregate: 
floor slabs 1 25 4 
Mix 2 Ра and sections Cement: Sand: Aggregate: 
less than 100 mm 1 2 3 
Mix 3 Paving less than Cement: Coarse sand: 
50 mm thick 1 3 


If he requires 1-2 m? of concrete, how much sand will be required? [NI] 
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Part 1 


Number 


8. National Westminster Bank issues this advice to people considering buying a 


house: 


“You can calculate what your maximum potential mortgage will be at the time 
you apply by multiplying your anticipated gross annual income by 234. In 
appropriate cases this can be increased by up to 17; times your partner's 
income. 


N.B. Remember, the actual mortgage available will always be limited to a 
maximum of 95% of the lower of valuation or purchase price of the property.' 


Joy and Harry Black have seen a house they would like to buy. The purchase 

price is £41 000 but it is valued by the surveyor at only £38000. 

(i) What is the maximum mortgage that the bank would give on this house? 

(ii) Henry expects his gross annual income to be £10 200. The bank has agreed 
to consider Joy's income for mortgage purposes and will make the maximum 
allowance on it. What is the minimum gross income that Joy must earn in 
order for the Blacks to be able to ask for the maximum mortage on this 
house? [N] 


. Travel Protector Insurance issued the following table of premiums for holiday 


insurance in 1985. 


Premiums Winter Sports 

per injured person Cover is available at 

SS > 3 times these premium 
Period of Area “А? Area “В” Area “С” rates. 

Travel ОК! Europe Worldwide 

—_— ль (Зошсе: Travel Protector 
1- 4 days 13.60 £ 5-40 £16-90 Insurance, published by 
5- 8 days £4-50 £ 7-80 £16:90 National Westminster Bank 
9—17 days £5-40 Е 9.95 #21:45 PLC.) 

18-23 days £6-30 #12.30 #27:95 

24-31 days 57:20 £15.25 £32-50 

32-62 days — £24-10 £44-20 

63-90 days — #34-50 #53-95 


"Excluding Channel Islands 

Discount for Children 

Under 14 years at date of Application — 
20% reduction 

Under 3 years at date of Application — 
Free of charge 


Find the premiums paid by 
(a) Mr. Jones holidaying in Blackpool with his wife and three children, aged 2, 9 
and 15, from 2 August to 16 August, 
(b) Carole Smith going to Switzerland to ski from 19 December to 8 January. 
[N] 


10. (a) A houseowner sells his house for £32 000. He has to pay Stamp Duty at 2% 


of the selling price, and agent's fees at 2 19% of the selling price. Solicitor’s 
fees amount to £260, and he must repay the balance of a loan from the 
Building Society amounting to £17250. How much cash will he have 
remaining after the sale is complete? 
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(b) £250 is invested at 1296 per annum compound interest in a deposit account. 
(i) Calculate the total amount of money invested in the deposit account 
after one, two and three years. 
(ii) Calculate the percentage increase on the original £250 over the three 
years. Give your answer to the nearest 0.1% [MEI] 


Parvinda's dad runs Tali's Take-away. He buys his rice from Yaul's Cash and 

Carry. А 45 kg bag costs £28:50. He uses 150 g rice for a portion. 

(a) How many complete portions will he get from one bag? 

(b) How much does the rice for one portion cost to the nearest penny? 

The foil trays he puts the rice in when he sells it cost £17-60 + VAT for 2000. 

VAT is 15%. 

(c) How much does it cost Parvinda's dad to sell 1 portion of rice? 

He charges 35p for a portion of rice. 

(d) What is the cost to Parvinda's dad of the rice and container as a percentage 
of the selling price? 

Parvinda's dad fixes all his prices so that the basic cost of the food and container 

is the same percentage of the selling price as the rice. His weekly expenses are: 

Rent £34-00 Water Rates £12-50 Rates £23.00 Gas £49-00 Electricity £19-60 

(е) One week he takes #407:50. How much profit does he make? [S] 


For a particular make of street lamp, the length of the pavement lit by the lamp 
is equal to two thirds of the height of the lamp. 


Height 
Length lit 


(a) Copy and complete the following table. 

| Lamp Height (metres) Length lit (metres) 
A 6 
B 6 


(b) Two A lamps are positioned 5 metres apart. What length of pavement is 
unlit between the lamps? 

(c) Two B lamps are positioned 5 metres apart. Draw a diagram showing clearly 
the section of pavement lit by both lamps. How long is this section? 

(d) The cost of a lamp (in pounds) is given by 
Cost = 500 + 125 х Height 
where the height is measured in metres. 

Find the cost of lamps А and B. 

(е) A planning officer is trying to decide what lamps to buy for a new street of 
total length 100 metres. She has to make sure that the whole length of the 
pavement will be lit and that the total cost is as low as possible. 

Should she buy lamps A or lamps B? Explain your answer fully. [W] 
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Isaac Newton (1642-1727) is thought by many to have 
been one of the greatest intellects of all time. He went to 
Trinity College Cambridge in 1661 and by the age of 23 he 
had made three major discoveries: the nature of colours, 
the calculus and the law of gravitation. He used his. - 
version of the calculus to give the first satisfactory 
explanation of the motion of the Sun, the Moon and the 
stars. Because he was extremely sensitive to criticism, 
Newton was always very secretive, but he was eventually - ~ 
persuaded to publish his discoveries in 1687. 4 d 


| 





21 DIRECTED NUMBERS 





To add two directed numbers with the same sign, To subtract a directed number, change its sign 
find the sum of the numbers and give the answer and add. 


the same sign. eg +7-(+5) 247-5 = +2 


e.g. +3+ (+5) = +3+5 = +8 +7 - (-5) =+7+5 = +12 
-7-4(-3)--7-3--10 -8-(44) =-8-4 =-12 
—9.1+ (-3:1) = –9:1 – 3:1 = -12-2 -9-(-11)+-9+1+ +2 
—2 + (-1) + (-5) = (-2-1)-5 

--3-5 Exercise 1 
| Заах: 1. +7 + (+6) 2. +11 + (+200) 

To add two directed numbers with different 3. -3+ (-9) 4. -7+ (-24) 

signs, find the difference between Ше numbers 5. -5+ (-61) 6. +0:2 + (5-9) 

and give the answer the sign of the larger 7. +5 + (4-1) 8. —8 + (-27) 

number. 9. +17 + (1:7) 10. -2+ (-3) + (-4) 
11. -7+ (+4) 12. +7 + (-4) 

ер РЕ 13. —9 + (+7) 14. +16+ (-30) 
+9+(-12)# +9 – 12 = –3 15. +14 + (21) 16. –7 + (+10) 

—8 + (+4) = -8+4 з-4 17. —19- (+200) 18. 27-6 + (—9-8) 


19. —1:8 + (+10) 204 —7 + (+24) 


2.1 Directed numbers 


21. +7- (+5) 
23. —6- (+9) 
25. +8- (+10) 
27. —10- (+70) 
29. —0:2 - (+4) 


31. —4 + (—3) 

33. +8 + (-4) 

35. +7 – (-4) 

37. +10- (+30) 

39. +4 + (-7) + (-2) 


41. —17- (-1) + (-10) 
43. +9+ (-7) - (-6) 
45. -10:1+(-10:1) 
47. —204 — (+304) 

49. +17- (+17) 


51. +7 +(-7-1) 

53. —2 - (-8-7) 

55. -610+ (—240) 
57. 49 — (—6) + (—9) 
59. —2-1 + (-9-9) 


22. +9- (+15) 

24. -9— (+5) 

26. -19-(-7) 

28. —5-1- (+8) 

30. +5:2— (–7:2) 

32. +6- (-2) 

34. -4-(+6) 

36. +6 + (-2) 

38. +19 — (+11) 

40. —3 — (+2) + (-5) 
42. –5 + (–7) – (+9) 
44. -7- (-8) 

46. —75 — (—25) 

48. —7 + (—11)— (+11) 
50. —6 + (—7) – (+8) 
52. —11- (-4) + (+3) 
54. 47-441-11) + (+5) 
56. -7-(-3)- (—8) 
58. -1-(-5) + (-8) 
60. -47- (-16) 


When two directed numbers with Ше same sign 
are multiplied together, the answer is positive. 


(a) +7 x (+3) = +21 
(b) -6х(-4) = +24 


When two directed numbers with different signs 
are multiplied together, the answer is negative. 


(а) -8х(44)--32 
(b) +7 x (—5) = —35 


(с) —3 x (+2) x (+5) = —6 x (+5) = —30 


When dividing directed numbers, the rules are 
the same as in multiplication. 


(а) —70 + (-2) = +35 


(b) +12 + (-3) = -4 
(с) —20- (+4) =-5 


Exercise 2 
1. 42x (—4) 
3. -4х (—3) 
5. -6х(-3) 
7. -7х(-7) 
9. 40:5 x (—4) 
11. -8- (+2) 
13. +36 — (-9) 
15. -70-4-1) 
17. – + (-2) 
19. +0:1 + (-10) 
21. -1х(-11) 


23. +12 x (-50) 

25. —600 + (4-30) 
27. +7 x (-100) 

29. 100 + (—0-1) 

31. -3х(-2)х(-1) 
33. +0-4 + (—1) 

35. +0:2 х (—1000) 
37. -14+ (+7) 

39. ++ (—5) 


Exercise 3 


1. -7+ (-3) 
3. -4х(-3) 
5. 4—(+6) 

7. +6+(—2) 
9. —7х (+4) 
1. +10+ (-60) 
13. 40 — (+70) 
15. (-1) 

17. +10х (—3) 
19. +10 + (-7) 


21. +100 + (-7) 
23. -20+(-2) 
25. 6 — (+10) 
27. +8 + (-8) 
29. (-2) 

31. +18+ (-6) 
33. —6 — (-7) 
35. +8 – (—7) 
37. —6 x (+0-4) 
39. (-2)2 + (+1) 


41. (-3)2-7 

43. -30-+ -i 

45. (-2p 

47. (-0-1/ x (-10) 
49. 2:1+ (-6-4) 
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2. 47x (+4) 
4. -6х(-4) 
6. +5 х(-7) 
8. —4 x (+3) 
10. -15х(-6) 
12. +12 (+3) 
14. —40 + (-5) 
16. —56 + (+8) 
18. —3- (+5) 
20. —0-02 + (- 100) 
22. -6х(-1) 
24. -i- (+ 
26. —5:2 + (+2) 
28. —6 + (-3) 
30. —8 x —80 
32. +3 x (-7)х (+2) 
34. —16 + (+40) 
36. -7х(-5) x (-1) 
38. —7- (-14) 
40. -6х(-1) x (-30) 


52:85-(-7) 
.-4х(+7) 
. -Ax(-4) 
. +8—(—6) 
. -8- (-2) 
. (—3)? 

. —6 x (—4) 
. -8- (+4) 
.-7х(-1) 
. +12 - (-4) 


. —60 x (—40) 


-1 20 


· —6 X (+4) х (-2) 
. 0х (-6) 

. +100 — (-70) 

: (-1)? 

. (-2) + (7-4) 

· +7 + (-2) 

· —3X(-6) x (—10) 
‚ +6- (+1000) 


. -124i 
. 5— (+7) + (—0-5) 


0c (-3) 


. 3— (+19) 
„(+ 


26 


2.2 FORMULAE 





When a calculation is repeated many times it is 
often helpful to use a formula. When a building 
society offers a mortgage it may use a formula 
like ‘23 times the main salary plus the second 
salary'. Publishers use a formula to work out the 
selling price of a book based on the production 
costs and the expected sales of the book. 


Exercise 4 


1. 


9.' 


The final speed v of a car is given by the formula 
у= и + at. [и = initial speed, a = acceleration, 
t= time taken]. Find v when и = 15, а = 0:2, 

t= 30. 


. The time period Т of a simple pendulum is 


given by the formula T = 27 : , Where 


€ is the length of the pendulum and g is the 
gravitational acceleration. Find T when # = 0-65, 
g 79:81 and т = 3:142. 


. The total surface area 4 of a cone is related to the 


radius r and the slant height € by the formula 
А = mr (r + €). Find A when 7 = 7 and е = 11. 


. The sum 5 of the squares of the integers from 1 to 


n is given by S = an (п + 1)(2n + 1). Find 5 when 
n = 12. 


. The acceleration a of a train is found using 


3. 2 


== . Find a when у = 20, 





the formula a = 


и = 9 and s =2:5. 


. Einstein's famous equation relating energy, mass 


and the speed of light is E = тег. Find E when 
m = 0-0001 and с = 3 x 108 


. The area A of a parallelogram with sides a and b is 


given by A = ab sin Ө, where 8 is the angle between 
the sides. Find A when a 2 7, b = 3 and 0 = 30°. 


. The distance s travelled by an accelerating rocket 


is given by 5 = ut + 122. Find s when и = 3, t = 100 
and a = 0-1. 

Find a formula for the area of the shape below, in 
terms of a, b and c. 


a 


10. Find a formula for the shaded part below, in terms 
of p, q and r. 





11. An intelligent fish lays brown eggs or white eggs 
and it likes to lay them in a certain pattern. Each 
brown egg is surrounded by six white eggs. 





Here there are 3 brown eggs and 14 white eggs. 
(a) How many eggs does it lay altogether if it 
lays 200 brown eggs? 
(b) How many eggs does it lay altogether if it lays 
n brown eggs? 
12. In the diagrams below the rows of black tiles are 
surrounded by white tiles. 





Find a formula for the number of white tiles which 
would be needed to surround a row of n black 





tiles. 
Example 1 
When а = 3, b= –2, c = 5, find the value of: 
(а) За +b (b) ac 4- b? 
(c) === (d) a(c— b) 


(а) За + b = (3х3) + (-2) 
9-2 
7 


(b) ас+ b? = (3x 5) + (-2) 
1544 
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2.2 Formulae 





(c) ate 345 (d) a(c- Б) 
ii - 3[5 - (-2)] 
-2 = 3[7] 
223 = 21 


Notice that working down Ше page is often 
easier to follow. 
Exercise 5 


Evaluate the following: 
For questions 1 to 12a 23, с= 2, е = 5. 


1. 3a - 2 2. dc e 3. 2c + За 
4. 5e— a 5. e—2c 6. e— 2а 
7. 4c + 2e 8. 7a — 5e 9, c —e 


10. 10а + с+е 11. а+с-е 12. 4-с-е 


For questions 13 to 24 h = 3, m = —2, t = —3. 


13. 2Ón - 3 14. 4¢+ 10 15. ЗА — 12 
16. бт + 4 17. 9t 3 18. 4h +4 
19. 2n — 6 20. m+2 21. ЗА + т 
22. t- h 23. Ат + 2h 24. 3? —m 
For questions 25 to 36, x = C2, y= -1, k=0 

25. 3x + 1 26. 2y +5 27. 6k + 4 
28. 3x + 2y 29. 2k + x 30. xy 

31. xk 32. 2xy 33. 2(х + К) 
34. 3(k + у) 35. 5х — y 36. 3k – 2x 


2х? means 2(х2) 

(2x*) means ‘work out 2x and then square it’ 
—7x means —7(x) 

—x^ means -1(х?) 


Example 2 
When x — —2, find the value of 
(a) 2x? — 5x (b) (3x? — x? 
(а) 2x?— 5x = 2(-2)2- 5(—2) 
= 2(4) + 10 
= 18 
(b) (3x? - x = (3 x –2): — 1(—2)? 
= (—6)? – 14) 
= 36 — 4 
= 32, 
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Exercise 6 


If x 2 —3 and y — 2, evaluate the following: 


1; i£ 2. Эх” a y^ 

4. 4y? 5. (2x) 6, Ју“ 

7. 10- x? 8. 10— y? 9. 20—2x? 
10. 20—3y? 11. 5-- 4x 12. х? – 2x 
13. y? — 3x? 14. х? – Зу 15. (2x)? - у? 
16. 4x? 17. (4х)? 18. 1-х? 

19. y - x? 20. x? + y? 21. х? - y? 

22, 2--2х" 23. (3x)? + 3 24. 11 —xy 

25. 12 + xy 26. (2х)? - (Зу)? 27. 2- 3x? 

28. y? х? 29. x? + y? 30. Е 

31. 10-3х 32, 2у? 33. 25-3у 

34. (2y)* 35. —7 + Зх 36. —8 + 10у 

37. (ху)? 38. ху? 39. —7 + x? 

40. 17 + xy 41. -5-2x? 42. 10-(2х) 
2 

43. х2 +3х +5 44. 2x? - Ax 41 45. 77 


Example 3 


When a= —2, b=3, c= —3, evaluate 


(в) 220" —а) (b) Мег + b?) 


(а) (b^—a) 2 9— (-2) 
z11 
2a(b^—a) 2x (—2) x (11) 
с -3 
= 14: 
(b) à? + b? = (-2)2 + (3) 
=4+9 
213 
V (a? + b^) = V13 


Exercise 7 


Evaluate the following: 
In questions 1 to 16, a = 4, b= -2,с+ –3. 


РРР, 2. (bÈ c) 

3. 2c(a — c) 4. b?(2a + Зс) 

5. c*(b — 2a) 6. 2a*(b + с) 

7. 2(a - b + c) 8. 3c(a— b-c) 

9, 52-25 +а 10. с-Зс+а 
11. 2b? — 3b 12. V(a* + c?) 
13. V(ab + c?) 14. V(c? — b?) 

b^ 2c c? 4b 

15. п + p 16. b T = 
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In questions 17 to 32, k = —3, т = 1, n= —4. 


17. К(2т – n) 18. Sm V(k? + n?) 
19, V(kn + 4m) 20. kmn (К? + m? + п?) 
21. Ст (т — п) 22. kK? -3k+4 
23. m^ + т? + n^ n 24. kK + ЗК 
25. m(k* — п?) 26. m V(k — n) 
27. 1002 + m 28. т2(202 — Зи?) 
2k+m kn-k 
29.52 30. === 
3k + 2m К+т+п 
ЕВЕ "omm 


In questions 33 to 48, w = 2, x 3, у = 0, z = —5 


» 
33. — +x 
2 


35. (г) 





wtx 
2 


34. 


36. х (2 + wy) 


2.3 BRACKETS AND SIMPLIFYING 


A term outside a bracket multiplies each of the 
terms inside the bracket. This is the distributive 


law. . 


Example 1 


3(x — 2y) = Зх - бу 


Example 2 


2x(x —2y + 2) = 2х? — 4ху + 2xz 


Example 3 


Ty — 42x — 3) = 7у – 8x + 12 


In general, 


numbers can be added to numbers 


37. x V(x + wz) 38. и? V(z? + y?) 





39. 2(w^ + x? + y?) 40. 2x(w — 2) 
41. = +х 42. алд 
и х 
2 42 
43, ==" jy = 
z xz 
45. 22+42+5 46. 2444: 
и z x 
a7, 3+10 
x 2 и’ 48. YZZ XW 
Xz—w 
; а2-52--2сү. 
49. Find К = N P: d 


a=3,b=-2,c=-1. 


kmn(k * m * n). 21 
50. Find W — (К+ ту +) | =5 


n=}. 


x's can be added to x's 
y's can be added to уБ 5 
x?'s can be added to х? 


But they must not be mixed. 


Example 4 
2х + Зу + 3х? + 2у -x 2x + 5у + 3х? 


Example 5 
7х + Зх (2х — 3) = 7x + 6x? — 9x 
= 6x? — 2x 

Exercise 8 
Simplify as far as possible: 
1. 3x + ду + Ту 2. да + 7b - га + b 
3. 3x — 2y + ду 4. 2х + 3x + 5 
5. 7— 3x + 2 +4х 6. 5-Зу-6у-2 
7. Sx + 2y – ду - х? 8. 2x? + 3x + 5 
9. 2x 7у - 2x – 3y 10. 4a + За — 2a 
11. Та – Та: +7 12. x! + 3x? - Ax? + 5x 
13. 24 5 125 ме 

а а х у x у 
je m um Е. 

х х x x 2 

3 2 n тп т 
17. 38 ++ 26 18. 35 3 
19. x? + 7:2 - 2x? 20. (2x)? - 2x? 
21. (Зу) + х? – (2y)? 22. (2х)?— (2y)? – (4х)? 
23. 5x – 7x? – (2х)? 24. 212 

x^ uv 


2.3 Brackets and simplifying 


Remove the brackets and collect like terms: 


5x + 7(x – 1) 

9 — 2(3x – 1) 

5x —2x(x— 1) 

4(x — 1) - 3x 
3x(x- 1) – 7x? 

4a — 3(a — 3) 

3у - y(2- y) 

7x — (x — 3) 

3(x — y) + 4(х + 2y) 
3x(x + 4) — x(x -2) 
7(2x + 2) – (2x + 2) 
3(x — 2) — (x-2) 
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Ве careful with an expression like (x — 3). It is _ 
not x^ — 9 or even x? +9 


(x 3)? = (x - 3)(х – 3). 
= x(x — 3) — 3(x – 3) 
—x!— 6x49 | 


Another common mistake occurs with an 
expression like 4 — (x — 1). 


4–(х—1)=4— 1(х— 1)(x- 1) 
-4- 1x? - 2x +1) 
=4—х°+2х—1 
=3+2х —х? ` 


25. 3x +2(x +1) 26. 
27. 7 + 3(x — 1) 28. 
29. 3x – 4(2х + 5) 30. 
31. 7x +3x(x — 4) 32. 
33. 5x(x -2) + 4x 34. 
35. За + 2(a + 4) 36. 
37. 3ab — 2a(b —2) 38. 
39. 3x – (x - 2) 40. 
41. 5x – 2(2x + 2) 42. 
43. х(х-2) + 3x(x - 3) 44. 
45. у(3у – 1) - Зу-1) 46. 
47. 7b(a- 2) - a(3b + 3) 48. 
Two brackets 

Example 6 


Exercise 10 


Remove the brackets and simplify: 


2 2 
(44 5)(x+3) =х(х +3) + S(x +3) о, RAUS 
с 5. (y-5y - 6. (Зу +1)? 
=x +8x AT (ety 8. (2x +y) 
9. (a — b) 10. (2a — ЗЬ)? 
Example 7 — И. 3(х+ 2)? 12. (3-х) 
(2x — 3)(4y + 3) = 2х(4у + 3) - 3(4y +3) 13. (Зх + 2) 14. (а- 25) 
= 8xy +6х-12у-9 15, (х+1)7+(х+2) 16. (x 2) + (x +3) 
17. (x + 2) + (2х + Ју 18. (у - 3): + (y - 4) 
19. (x +2)? - (x – 3) 20. (x – 3): - (x + 1)? 
Example 8 21. (j-3? – (у +2 — 22. Qx + 1)? - (x +3) 
3(x + 1)(x — 2) = 3[x (x — 2) + (х- 2)] 23. 3(х+2)-(х+4) 24. 2(x 3): — 3(x + 1)? 
—3[x? - 2x * x — 2] 
= 3x7 – 3х – 6 
Exercise 9 


Remove the brackets and simplify. 


1. (x + 1)(x +3) 
3. (у + 4) +5) 
5. (x + 5)(x — 2) 
7. (a – 7)(a + 5) 
9. (x 3)(х +3) 


11. (2x + 1)(x - 3) 
13. (2y - 3)(у + 1) 
15. (3x - 2) (3x + 2) 
17. (3x + у)(х + 2y) 
19. (Sx — y)(3y — x) 


23. 2(x - 1)(x +2) 

23. 4(2y – 1)(3y + 2) 
25. 4(a + 2b)(a — 2b) 
27. 2x(2x — 1)(2x + 1) 
29. x(x - y) (xz) 


2. (x +3)(x +2) 
4. (x - 3)(x +4) 
6. (x -3)(x - 2) 
8. (zT 9)(z -2) 
10. (k — 11)(k +11) 


12. (3x + 4)(x —2) 
14. (7y - Dy + 1) 
16. (За + b)(2a + b) 
18. (2b + c)(3b – c) 
20. (3b — a) (2a + 5b) 


22. 3(x - 1) x + 3) 
24. 2(3x + 1)(x - 2) 
26. x(x — 1)(x - 2) 

28. 3y(y - 2)(y + 3) 
30. 3z(a + 2m) (a — m) 
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2.4 LINEAR EQUATIONS 


(a) If the x term is negative, take it to the other 
side, where it becomes positive. 


Example 1 


4—3x-2 
4=2+3х 
2=3x 
37* 
(b) If there are x terms on both sides, collect 
them on one side. 


Example 2 


2х-7-5-Зх 
2х+3х=5+7 
5x = 12 
12 


(c) If there is a fraction in Ше x term, multiply 
out to simplify the equation. 


Example 3 
2х _ 
сим 10 
2x = 30 
230. 
х= = 15 
Exercise 11 


Solve the following equations: 


1. 2x — 5 =11 2. 3x – 7 = 20 
3. 2x + 6 = 20 4. 5х + 10 = 60 
5. 8=7 + 3х 6. 1222x-8 
7. —7=2х – 10 8. 3-72 —10 
9. 12215 +2х 10. 5+6x=7 
X X 
11. 527 12. 1 z 13 
X x ] 
13. 7-2 14. 273 
3x 4x 
15. 2 =5 16. 5 = –2 
7х 3 2x 


5x 1 
19. 6^4 20. 
X 
21. 5+7= 12 22. 
23. 5-6=-2 24. 
25. 102342 26. 
27. 100х – 12 98 28. 
X 
29. 100 + 19 = 20 30. 
31. -4 = –7 + Зх 32. 
33. x - 32 Зх + 7 34. 
35. 4-3x=1 36. 
37. 7=2-x 38. 
39. 6+2а=3 40. 
4.2у-1-4-3у 42. 
43. 7-3х-5-2х 44. 
45. х- 16-- 16 - 2х 46. 
47. -х-4--3 48. 
X 1 
49. —5+1=-4 50. 
Example 4 


х-2(х-1)+1-4(х+1) 
х-2х+2-1-4х-4 
х-2Х44х-1-4-2 


Зх = -5 
ха 
3 
Exercise 12 


Solve the following equations: 


1. x+3(x + 1) 22x 
2. 1+ 3(x— 1) 24 
3. 2x 2(х+ 1) = 5x 
4. 2(3x - 1) 2 3(x - 1) 
5. 4(x – 1) = 2(3 — x) 
6. 4(x—-1) – 2 = 3х 
7. 4(1 — 2x) = 32 - x) 
8 
9 


„3-2(2х + 1) =х +17 
„дхих- (х- 2) 
10. 7x = 3x — (x + 20) 
11. 5x -3(x – 1) = 39 
12. 3x + 2(x — 5) = 15 
13. 7 – (x - 1) 29— (2x - 1) 
14. 10x — (2x + 3) = 21 


40. 


2.4 Linear equations 


. 32x + 1) -2(x – 1) = 23 

. 5(1 — 2x) – 3(4 + 4x) =0 

. 7x - (2-х) 50 
.3(х+1)#4-(х- 3) 

. 3у+7+3(у – 1) = 2y + 6) 
· Ay- 1) + 3(y +2) = 5(у – 4) 
. 4x -2(x +1) = 5(x +3) + 5 
.7-Хх-1)-302х-1)-2 


. 10(2х + 3) – 8(3х — 5) + 5(2х – 8) =0 
. 2(х+4) + 3(x 10) =8 

. 7(2x — 4) + 3(5 - 3x) 22 

. 10(х+4)-9(х-3)-1-8(х +3) 

. 5(2х 1) -2(x -2) 27 + 4х 

. 6(3x — 4) - 10(x – 3) = 10(2x – 3) 

. 3(x — 3) – 7(2x 8) - (x - 1) 40 
.5+2(х +5) = 10 – (4 – 5х) 


. 6x + 30(х — 12) = 2(x — 15) 

‚ 32x - 3) -7(x - 1) =0 

. 5(x - 1) + 17(x-2) 22x 41 

. 6(2x — 1) + 9(x + 1) = 8(x — 14) 

. 7(x + 4) - 5(х+ 3) + (4-х) 50 
. 0=9(3х + 7) – 5(х+ 2) – (2x — 5) 
‚ 10(2:3 ~ x) – 0-1(5x — 30) = 0 
.8(225-1)-101-3)-2 


.(6-3)-(х-5)-(4-х)--2 


X 1 
10(1 - z) -(10-х)- 100 09 7 *) = 0-05 


Example 5 


(x + 3)? = (х + 2)? + 32 


(x +3)(х + 3) = (x + 2)(x + 2) +9 


х?+6х+9=х?+4х+4+9 


6x +9 = 4x + 13 
2х =4 
х=2 


Ехегсве 13 


Solve the following equations: 


1. 


x^ 4 (x + 1)(х + 3) 


2. x3 + Зх = (х + 3)(х +1) 


C ооо -3 Сп Ui 4 ш 


= 


· (х+3)(х—1)=х?+5 
.(х+1)(4+4) = (x 7)(х + 6) 

· (х-2)(х+3)- (x— 7)(х +7) 

‚ (х-5)(х+4) = (x 7)(x — 6) 
. 2x? + 3x = (2x – 1) (x +1) 

. Qx-1)(x – 3) = Qx – 3)(x - 1) 
. х®*+ (x +1)? = Qx – 1)(x +4) 

. х(2х + 6) = 2(х2-5) 


Ш 


11. (x + 1)(x - 3) + (x + 1? = 2x(x — 4) 
12. (2x +1)(x —4) + (x — 2): = 3x (x +2) 
13. (x + 2)? - (x - 3? 23x- 11 

14. x(x - 1) 22(x - 1)(х + 5) – (x — 4): 
15. (2x + 1)? - 4(x – 3)? = 5х + 10 

16. 2(x + 1)? (х - 2)? = x(x – 3) 


In questions 17 to 22, form an equation in x by means 
of Pythagoras' Theorem, and hence find the length of 
each side of the triangle. (All the lengths are in cm.) 


17. 


х + 3 


8 
8 
0 


18. 
x+3 
| | 
x+2 
19. 20. 5 
х-3 
8 Ра 
2x 47 
2 
2x - 1 
12 


22. 


23. The area of the rectangle shown exceeds the area 
of the square by 2 cm?. Find x. 


_| 


24. The area of Ше square exceeds Ше area of the 
rectangle by 13 m". Find у. 


у+ 1 


à 


х+ 2 


Part 2 Algebra 1 


25. The area of the square is half the area of Ше 
rectangle. Find x. 


x 
2(x + 4) 


x (x — 2) 


When solving equations involving fractions, 
multiply both sides of the equation by a suitable 
number to eliminate the fractions. 


Example 6 


52 
x 


5=2x (multiply both sides by x) 


Ёс 
А 


Ехатріе 7 
xt3 2x-]1 


4 3 
2013) л ne 1) 


(multiply both sides by 12) 
3(x + 3) = 4(2х – 1) 
Зх +9 = 8х —4 
13 = 5x 
13 


== y 





. (А) 
..(B) 


x=22 


Note: It is possible to go straight from line (A) 
to line (B) by ‘cross-multiplying’. 


Example 8 


242249 


(x — 1) 
з. 
(к 
5 = 10(x — 1) 
5 = 10x – 10 
15 = 10x 


Exercise 14 


Solve the following equations: 


1. 


3. 


11. 


13. 


15. 


17. 


19. 


21. 


23. 


27. 


29. 


3 


baee 


32. 


33. 


35. 2 
x 


37. 


39. 


41. — — 


43. 


45. —— 
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1 2x 
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3. 


4. 


10. 


12. 


14. 


16. 


18. 


22. 


26. 


30. 


36. 


38. 


40. 


42. 
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2.5 PROBLEMS SOLVED BY LINEAR EQUATIONS 


(a) Let the unknown quantity be x (or any other 
letter) and state the units (where 
appropriate). 

(b) Express the given statement in the form of 
an equation. 

(c) Solve the equation for x and give the answer 
in words. (Do not finish by writing 'x + 3'.) 

(d) Check your solution using the problem (not 
your equation). 


Example 1 


The sum of three consecutive whole numbers is 
78. Find the numbers. 


(a) Let the smallest number be x; then the other 
numbers are (x + 1) and (x + 2). 


(b) Form an equation: 
х + (х+1) + (4 +2) = 78 
(c) Solve. Зх + 75 
х = 25 
In words: 
The three numbers are 25, 26 and 27. 


(d) Check. 254-264 27 = 78 


Example 2 


The length of a rectangle is three times the 
width. If the perimeter is 36 ёт, find the width. 


(a) Let the width of the rectangle be x cm. 
Then the length of the rectangle is 3x cm. 


3x 


(b) Form an equation. 
х+ 3х + х + Зх = 36 


(с) Solve 8x = 36 
8 
х = 4-5 
In words: 
The width of the rectangle is 4-5 cm. 


(d) Check. If width = 4-5 cm 
length — 13-5 cm 
perimeter - 36 cm 


Exercise 15 


Solve each problem by forming an equation. The first 
questions are easy but should still be solved using an 
equation, in order to practise the method. 


1. The sum of three consecutive numbers is 276. 
Find the numbers. 
2. The sum of four consecutive numbers is 90. 
Find the numbers. 
3. The sum of three consecutive odd numbers is 177. 
Find the numbers. 
4. Find three consecutive even numbers which add 
up to 1524. 
5. When a number is doubled and then added to 13, 
the result is 38. Find the number. 
6. When a number is doubled and then added to 24, 
the result is 49. Find the number. 
7. When 7 is subtracted from three times a certain 
number, the result is 28. What is the number? 
8. The sum of two numbers is 50. The second 
number is five times the first. Find the numbers. 
9. Two numbers are in the ratio 1:11 and their sum 
is 15. Find the numbers. 
10. The length of a rectangle is twice the width. 
If the perimeter is 20 cm, find the width. 
11. The width of a rectangle is one third of the length. 
If the perimeter is 96 cm, find the width. 
12. If AB is a straight line, find x. 


4x 
(3x + 20) 
A ' B 


13. If the perimeter of the triangle is 22 cm, find the 
length of the shortest side. 


3x + 1 


x+4 


14. If the perimeter of the rectangle is 34 cm, find x. 


34 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


25. 


26. 


27. 


29 


30. 
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The difference between two numbers is 9. 

Find the numbers, if their sum is 46. 

The three angles in a triangle are in the ratio 
1:3:5. Find them. 

The three angles in a triangle are in the ratio 
3:4:5. Find them. 

The product of two consecutive odd numbers is 10 
more than the square of the smaller number. Find 
the smaller number. 

The product of two consecutive even numbers is 
12 more than the square of the smaller number. 
Find the numbers. 

The sum of three numbers is 66. The second 
number is twice the first and six less than the 
third. Find the numbers. 

The sum of three numbers is 28. The second 
number is three times the first and the third is 7 
less than the second. What are the numbers? 
David weighs 5 kg less than John, who in turn is 
8 kg lighter than Paul. If their total weight is 
197 kg, how heavy is each person? 


. Brian is 2 years older than Bob who is 7 years 


older than Mark. If their combined age is 61 
years, find the age of each person. 


. Richard has four times as many marbles as John. 


If Richard gave 18 to John they would have the 
same number. How many marbles has each? 
Stella has five times as many books as Tina. 

If Stella gave 16 books to Tina, they would each 
have the same number. How many books did each 
girl have? 

The result of trebling a number is the same as 
adding 12 to it. What is the number? 

Find the area of the rectangle if the perimeter is 
52 cm. 


2143 


Зх- 1 


. The result of trebling a number and subtracting 5 


is the same as doubling the number and adding 9. 
What is the number? 

Two girls have 76p between them. If the first gave 
the second 7p they would each have the same 
amount of money. How much did each girl have? 
A tennis racket costs £12 more than a hockey 
stick. If the price of the two is £31, find the cost of 
the tennis racket. 


Example 3 


A man goes out at 16:42 h and arrives at a pillar 
box, 6 km away, at 17-30 h. He walked part of 
the way at 5 km/h and then, realising the time, 
he ran the rest of the way at 10 km/h. How far 
did he have to run? 


(a) Let the distance he ran be x km. Then the 


distance he walked = (6 — x) km. 


(b) Time taken to walk (6 — x) km at 5 km/h 


(c) 


= (679 hours. 


Time taken to run x km at 10 km/h 


-2% 
= 10 hours. 
Total time taken - 48 minutes 
= за hour 
5 
6-х) х 4 
5 7105 
Multiply Бу 10: 
2(6—х)+х=8 
12 2х +х = 8 
4= х 
Не гап a distance of 4 km. 
(d) Check: 
| 4_2 
Time to run 4 km = 10 5 hour. 
Time to walk 2 km = : hour. 
: _{2,2\,_4 
Total time taken = (2 + =) В = 5 h 


Exercise 16 


1. 


Every year a man is paid £500 more than the 
previous year. If he receives £17 800 over four 
years, what was he paid in the first year? 


. A man buys x cans of beer at 30р each and (x + 4) 


cans of lager at 35p each. The total cost was £3-35. 
Find x. 

The sides of a rectangle measure 6 cm and x cm. 
If the diagonal is of length (x + 2) cm, find x. 


. The length of a straight line ABC is 5 m. 


If AB: BC = 2:5, find the length of AB. 


. The opposite angles of a cyclic quadrilateral are 


(Зх + 10)” and (2x + 20)*. Find the angles. 


2.6 Simultaneous equations 


6. The interior angles of a hexagon are in the ratio 
1:2:3:4:5:9. Find the angles. This is an example of 
a concave hexagon. Try to sketch the hexagon. 

7. A man is 32 years older than his son. Ten years 
ago he was three times as old as his son was then. 
Find the present age of each. 

8. A man runs to a telephone and back in 15 
minutes. His speed on the way to the telephone 
is S m/s and his speed on the way back is 4 m/s. 
Find the distance to the telephone. 

9. A car completes a journey in 10 minutes. For the 
first half of the distance the speed was 60 km/h 
and for the second half the speed was 40 km/h. 
How far is the journey? 

10. A lemming runs from a point A to a cliff at 4 m/s, 
jumps over the edge at B and falls to C at an 
average speed of 25 m/s. If the total distance from 
A to C is 500 m and the time taken for the journey 
is 41 seconds, find the height BC of the cliff. 

11. A bus is travelling with 48 passengers. When it 
arrives at a stop, x passengers get off and 3 get on. 
At the next stop half the passengers get off and 7 
get on. There are now 22 passengers. Find x. 

12. A bus is travelling with 52 passengers. When it 
arrives at a stop, y passengers get off and 4 get on. 
At the next stop one third of the passengers get 
off and 3 get on. There are now 25 passengers. 
Find y. 


2.6 SIMULTANEOUS EQUATIONS 


To find the value of two unknowns in a problem, 
two different equations must be given that relate 
the unknowns to each other. These two 
equations are called simultaneous equations. 


(a) Substitution method 


This method is used when one equation contains 
a unit quantity of one of the unknowns, as in 
equation [2] of Example 1 below. 


Example 1 
3x -2y = 0 ... 1] 
2х фу=7 ...[2] 
(a) Label Ше equations so that Ше working is 
made clear. 


(b) In this case, write y in terms of x from 
equation [2]. 


13. 


14. 


15. 


16. 


17. 
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Mr Lee left his fortune to his 3 sons, 4 daughters 
and his wife. Each son received twice as much as 
each daughter and his wife received £6000, which 
was a quarter of the money. How much did each 
son receive? 

In a regular polygon with л sides each interior 


angle is 180 — = degrees. How many sides does 


a polygon have if each angle is 156°? 

A sparrow flies to see a friend at a speed of 

4 km/h. His friend is out, so the sparrow 
immediately returns home at a speed of 5 km/h. 
The complete journey took 54 minutes. How far 
away does his friend live? 

Consider the equation an? = 182 where a is any 
number between 2 and 5 and r is a positive 
integer. What are the possible values of n? 


Consider the equation Е < 12 where k is any 


number between 20 and 65 and x is a positive 
integer. What are the possible values of x? 


(c) Substitute this expression for y in equation 


[1] and solve to find x. 


(d) Find y from equation [2] using this value 


of x. . 
2х+у=7 .. .12] 
уз7-2х 


Substituting in [1] 
3x -2(7 -2x) = 0 


Зх- 14 + 4х = 0 
7x = 14 
х= 2 
Substituting іп [2] 
2х2+у=7 
у=3 


The solutions агех=2,у=3. 


These values of x and y are the only pair which 
simultaneously satisfy both equations. 
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Exercise 17 


Use the substitution method to solve the following: 


(b) Elimination method 


Use this method when the first method is 
unsuitable (some prefer to use it for every 
question). 


Example 3 ) 
х+2у= 8. 44411| 
2х + Зу = 14 22-02] 
(а) Label the equations so that Ше working is 
made clear. 


(b) Choose an unknown in one of the equations 
and multiply the equations by a factor or 
factors so that this unknown has the same 


1. 2x * y - 5 2. х+2у-8 
x+3y=5 2x + Зу = 14 
3. Зх +у = 10 4. 2х Ty 2 —3 
х-у=2 х-у=-3 
5. 4х + у = 14 6. х+2у=1 
х+5у = 13 2x+3y=4 
7. 2х+у=5 8. 2х+у= 13 
3x -2y =4 5x —4y = 13 
9, 7x + гу = 19 10. Б-а+-5 
x-y=4 atb--1 
11. а + 4b -6 12. а+Ь=4 
8b —a- —3 2a+b=5 
13. 3m = 2п – 61 14. и + 3х – 13=0 
4m +п=6 х+ зи – 13 = 0 
15. х+2(у - 6) = 0 16. 2х=4+2 
3x + 4y = 30 бх —52 = 18 
17. Зт-п+5 18. 5c-d— 11 = 0 
2m + 5п = 7 44 + 3c = —5 


It is useful, at this point to revise Ше operations 
of addition and subtraction with negative 
numbers. 


Example 2 


Simplify: 
(4)-7-4--4--7-4--11 

(b) -Зх + (—4x) = -Зх-4х+ —7x 
(с) 4у- (-3y) =4y + Зу = Ту 

(d) За + (-За) = За – За = 0 
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Evaluate 


1. 7+ (-6) 2. 8+(-11) 3. 5-(+7) 

4. 6 - (—9) 5. -8+(-4) 6. —7— (—4) 
7.10+(-12) 8. -7-(+4) 9. —10— (411) 
10. -3-(-4) 11.4-(+4) 12. 8-(-7) 

13. -5- (+5) 14.-7-(-10) 15. 16 - (+10) 
16. -7-(+4) 17. -6-(—8) 18. 10 — (+5) 
19. -12+(-7) 20. 7+ (-11) 


Simplify 

21. 3x + (-2х) 22. 4x + (—7x) 
23. бх – (2x) 24. 10y — (+6у) 
25. бу- (-Зу) 26. 7x + (-4х) 
27. —5х + (-Зх) 28. -Зх-(-7х) 


29. Sx — (+3х) 30. —7y – (-10у) 


coefficient in both equations. 


(c) Eliminate this unknown from the two 


equations by subtracting them, then solve for 


the remaining unknown. 


(d) Substitute in the first equation and solve for 


the eliminated unknown. 
х+2у=8. 
[1]х2 2х+4у=16 
2х + Зу= 14° 
Subtract [2] from [3] 
y=2 
Substituting in [1] 
х+2х2=8 
x=8-4 
x=4 


The solutions are x = 4, у = 2. 


Example 4 
2x+3y=5 
5x 2у = —16 
[1]х5 10х+15у=25 
[2] х2 10х-4у+-32 
[3] – [4] 15у – (- = 25 – (—32) 
19у = 57 
у=3 
Substitute in [1] 
2х+3х3=5 
2Х-5-9--4 
х=-2 


The solutions are x = —2, у = 3. 


...[1] 


...[8] 
..[2] 


...[1] 
...[2] 
...[3] 

..[4] 


2.7 Problems solved by simultaneous equations 


Exercise 19 


Use the elimination method to solve the following: 


1. 2x + 5y = 24 
4x t 3y — 20 
3. 3x4 y- 11 
9х + у = 28 
5. Зх + у = 19 
x+8y=21 
7. 2x+3y=11 
Зх + 4у = 15 
9. 2х + Ту = 17 
5x + Зу = —1 
11. 7х + 5y = 32 
3x + 4y = 23 
13. 3х+2у= 11 
2х-у+ —3 
15. х-2у+ -4 
Зх +у= 9 


2. 5х + 2у = 13 
2x + бу = 26 
4. х+2у 17 
вх + Зу = 45 
6. Ха + 3b = 9 
4a + b = 13 
8. 3x + Ву = 27 
4x + Зу = 13 
10. 5x + Зу = 23 
2x + ду = 12 
12. 3x -2y = 4 
4х + 5у = 10 
14. 3x + 2у = 7 
2х – Зу = -4 
16. 5x – Ту = 27 
3x — ду = 16 


17. Зх-2у+? 18. х-у=-1 
4x + y =13 2х-у= 0 

19. у-х--1 20. х Зу 2 –5 
Зх—у=5 гу+ àx +4=0 

21. x - 3y - 7-0 22. 3a-b=9 
2у-х-3-0 2а + 2b = 14 

23. 3х-у-9 24. х+2у=4 
4х-у=—14 Зх фу = 95 

25. 2х-у= 5 26. Зх ~ у = 17 
Вай reeks 
437 = 57277 

27. 3х-2у-5 28. 2х-11-у 
ху _17 MEN 
3 50711 5747] 

29. 4x – 0:5у = 12-5 30. 0-4х + Зу = 2-6 
3x + 0:8у = 8.2 х-2у-4-6 


2.7 PROBLEMS SOLVED BY SIMULTANEOUS EQUATIONS 





Lyle {5 
Example 1 


А motorist buys 24 litres of petrol and 5 litres of 
oil for £10-70, while another motorist buys 18 
litres of petrol and 10 litres of oil for £12-40. " 
Find the cost of 1 litre of petrol and 1 litre of oil 
at this garage. 


Let cost of 1 litre of petrol be x pence. 
Let cost of 1 litre of oil be y pence. 


We have, 24х + 5у = 1070 -4411| 
18х + 10у + 1240 ...[2] 


(a) Multiply [1] by 2, 
48x + 10у = 2140 -4413| 


(b) Subtract [2] from [3], 
30x = 900 
x = 30 


(c) Substitute x = 30 into equation [2] 
18(30) + 10у = 1240 
10у + 1240 - 540 
10у + 700 
у = 70 


1 litre of petrol costs 30 pence. 
] litre of oil costs 70 pence. 


Exercise 20 


Solve each problem by forming a pair of simultaneous 
equations. 


1. Find two numbers with a sum of 15 and a 
difference of 4. E Ё 

2. Twice one number added to three times another 
gives 21. Find the numbers, if the difference 
between them is 3. 

3. The average of two numbers is 7, and three times 
the difference between them is 18. Find the 
numbers. 

4. The line, with equation y + ax — c, passes through 
the points (1, 5) and (3, 1). Find a and c. 

Hint: For the point (1, 5) put = 1 апау = 5 into 
y t ах = с, etc. 

5. The line y = mx + c passes through (2, 5) and 
(4, 13). Find m and c. 

6. The curve y = ax? + bx passes through (2, 0) and 
(4, 8). Find a and b. 

7. A fishing enthusiast buys fifty maggots and twenty 
worms for #1-10 and her mother buys thirty 
maggots and forty worms for 51:50. Find the cost 
of one maggot and one worm. 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 
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A television addict can buy either two televisions 
and three video-recorders for £1750 or four 
televisions and one video-recorder for £1250. Find 
the cost of one of each. 


. Half the difference between two numbers is 2. The 


sum of the greater number and twice the smaller 
number is 13. Find the numbers. 


A pigeon can lay either white or brown eggs. 
Three white eggs and two brown eggs weigh 

13 ounces, while five white eggs and four brown 
eggs weigh 24 ounces. Find the weight of a brown 
egg and of a white egg. 


A tortoise makes a journey in two parts; it can 
either walk at 4 m/s or crawl at 3 m/s. If the 
tortoise walks the first part and crawls the second, 
it takes 110 seconds. If it crawls the first part and 
walks the second, it takes 100 seconds. Find the 
lengths of the two parts of the journey. 


A cyclist completes a journey of 500 m in 22 
seconds, part of the way at 10 m/s and the 
remainder at 50 m/s. How far does she travel at 
each speed? 


A bag contains forty coins, all of them either 2p or 
Sp coins. If the value of the money in the bag is 
51:55, find the number of each kind. 


A slot machine takes only 10p and 50р coins and 
contains a total of twenty-one coins altogether. If 
the value of the coins is £4-90, find the number of 
coins of each value. 


Thirty tickets were sold for a concert, some at 60p 
and the rest at £1. If the total raised was £22, how 
many had the cheaper tickets? 


The wage bill for five men and six women workers 
is £670, while the bill for eight men and three 
women is £610. Find the wage for a man and for a 
woman. 


A kipper can swim at 14 m/s with the current and 
at 6 m/s against it. Find the speed of the current 
and the speed of the kipper in still water. 


If the numerator and denominator of a fraction 
are both decreased by one the fraction becomes 3. 
If the numerator and denominator are both 
increased by one the fraction becomes $. Find the 
Original fraction. 


19, 


20. 


21. 


22. 


25. 


27. 


28. 


29. 


30. 


The denominator of a fraction is 2 more than the 
numerator. If both denominator and numerator 
are increased by 1 the fraction becomes 3. Find 
the original fraction. 


In three years time a pet mouse will be as old as 
his owner was four years ago. Their present ages 
total 13 years. Find the age of each now. 


Find two numbers where three times the smaller 
number exceeds the larger by 5 and the sum of the 
numbers is 11. 


A straight line passes through the points (2, 4) and 
(-1, —5). Find its equation. 


. A spider can walk at a certain speed and run at 


another speed. If she walks for 10 seconds and 
runs for 9 seconds she travels 85 m. If she walks 
for 30 seconds and runs for 2 seconds she travels 
130 m. Find her speeds of walking and running. 


. А wallet containing £40 has three times as many 


£1 coins as £5 notes. Find the number of each 
kind. 


At the present time a man is four times as old as 
his son. Six years ago he was 10 times as old. Find 
their present ages. 


. А submarine can travel at 25 knots with the wind 


and at 16 knots against it. Find the speed of the 
wind and the speed of the submarine in still air. 


The curve y = ax? + bx + c passes through the 
points (1, 8), (0, 5) and (3, 20). Find the values of 
a, b and c and hence the equation of the curve. 


The curve y = ax? + bx + c passes through the 
points (1, 4), (—2, 19) and (0, 5). Find the 
equation of the curve. 


The curve y = ax? + bx + c passes through (1, 8), 
(—1, 2) and (2, 14). Find the equation of the 
curve. 


The curve y = ax? + bx + c passes through (2, 5), 
(3, 12) and (—1, —4). Find the equation of the 
curve. 


2.8 FACTORISING 


Earlier in this section we expanded expressions 
such as x (3x — 1) to give 3x* — x. 

The reverse of this process is called factorising. 
Example 1 


Factorise: (a) x?-- 7x (b) 3y? — 12у 
(c) ба?Ь — 10ab? 


(a) x is common to x? and 7x. 
x? 47x 2 x(x +7). 
The factors are x and (x + 7). 


(b) 3y is common 
. Зу?-12у =3y(y - 4) 


(c) 2ab is common 
. 6a?b — 10ab? = 2ab (За — 5b) 


Exercise 21 


Factorise the following expressions completely. 


1. х? + 5x 2. x? — 6x 

3. 7x - х? 4. y? + Ву 

5. 2y? + Зу 6. 6y? — 4y 

7. Зх? – 21x 8. 16a — 2a? 

9. 6c? —21c 10. 15x — 9х? 
11. 56y – 21у? 12. ax + bx + 2cx 
13. x? + xy + 3х2 14. x?y - y? + z?y 
15. За? + 2ab? 16. х?у + xy? 
17. ба? + 4ab + 2ас 18. та + 26т + т? 
19. 2х + 6ky + 4kz 20. ax? + ay + 245 
21. х2к + x? 22. а + 2ab? 
23. abc — 3b?c 24. 2ае- 5ae? 
25. аЬ + ab? 26. х?у + х?у? 
27. бху? – Ax?y 28. 3ab? — 3à?b 
29. 2a°b + 5a? b? 30. ах?у — 2ax?z 


31. 2abx + 2ab! + 22а% 32. ayx + yx? - 2у?х? 


Example 2 
Factorise ah + ak + bh bk. 
(a) Divide into pairs, ай + ak | + bh + bk. 


(b) a is common to the first pair 
b is common to the second pair 
a(h+k)+b(h +k) 


(c) (h+k)is common to both terms. 
Thus we have (h+ К)(а + b) 
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Example 3 

Factorise 6mx — 3nx + 2my — ny. 
(a) бтх — 3nx | + 2my — ny 

(b) 23x(2m — n) + y (2m — n) 
(c) = (2m – n)(3x + y) 


Exercise 22 


Factorise the following expressions: 


1. ax + ay + bx + by 2. ay + az + by + bz 
3. xb + xc + yb + ус 4. xh + xk + yh + yk 
5. xm + xn + ту + ny 6. ah — ak + bh — bk 
7. ax — ay + bx — by 8. am — bm + an — bn 
9. hs + + ks + kt 10. xs —xt+ ys — yt 

11. ax — ay — bx + by 12. xs — xt — ys + у! 

13. as — ay — xs + xy 14. hx — hy — bx + by 


15. am – bm — an + Бп 16. xk — хт — kz + mz 
17. ах + бау + bx  3by 

18. 2ax + 2ay + bx + by 

19. 2mh — 2mk + nh — nk 

20. 2mh + 3mk — 2nh — 3nk 

21. бах + 26х + 3ay + by 

22. 2ax —2ay — bx + by 

23. ха + x?b + ya + yb 

24. ms + 2mt? — ns — 2пі? 


. Example 4 


Factorise x? + бх + 8 


(a) Find two numbers which multiply to give 8 
and add up to 6. | 
In this case Ше numbers are 4 and 2. 


(b) Put these numbers into brackets. 
So x? + 6x + 8 (х+4)(х +2). 


Example 5 
Factorise (a) х? + 2х — 15 
(b) x^ — бх + 8 
(a) Two numbers which multiply to.give —15 
and add up to ^-2 are —3 and 5. 
x? + 2х- 15 = (x – 3)(x + 5). 
(b) Two numbers which multiply to give +8 and 
add up to —6 are -2 and —4. 
x? — 6x +8 = (x — 2)(x — 4). 
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Exercise 23 


Factorise the following: 


1. x? + 7x + 10 2. x! + 7х + 12 
3. х2 + 8х + 15 4. x^ + 10x +21 
5. x? + 8x + 12 6. y? + 12y + 35 
7. y? + Пу+ 24 8. y? + 10y + 25 
9. y? + 15у + 36 10. à? -3a — 10 
11. 4-а-12 12. 22+2 - 6 
13. x? - 2x – 35 14. x? – 5x — 24 
15. x - 6x +8 16. y? -5y +6 
17. x! - 8x + 15 18. -а-6 
19. а? + 14a + 45 20. 52-46-21 
21. x? — 8x + 16 22. у2+2у+1 
23. у2-Зу- 28 24. х2-х-20 
25. х? — 8х — 240 26. х? — 26x + 165 
27. у + Зу - 108 28. x? — 49 
29. x^ -9 30. x? — 16 
Example 6 


Factorise 3x? + 13x + 4 


(a) Find two numbers which multiply to give 12 
and add up to 13. 
In this case the numbers are 1 and 12. 


(b) Split the ‘13x’ term, 
3x? + к + 12x +4 


(c) Factorise in pairs, 
x (3x + 1) + 4(3x + 1) 


(d) (3x -- 1) is common, 
(3x + 1)(x +4) 


Exercise 24 


Factorise the following: 


1. 2x? + 5x + 3 2. 2x! - 7x 43 
3. 3х2 + 7x +2 4. 2x? + 11x + 12 
5. 3x?-- 8x + 4 6. 2x^ + 7x + 5 

7. Зх? — 5x - 2 8. 2x? х – 15 

9. 2x? + x 21 10. Зх? - 17x — 28 
1. 6x? - 7x +2 12. 12x? + 23x + 10 
13. 3X? - 11х+6 14. 3y? - 11у + 10 
15. ду: – 23у + 15 16. 6? +7у – 3 

17. 6x* — 27x + 30 18. 10x? + 9х + 2 
19. 6х2 — 19x + 3 20. 8х2 — 10x- 3 
21. 12x? + 4x - 5 22. 16x? + 19x +3 
23. 4а: – да + 1 24. 12x? + 17x - 14 
25. 15x? + 44x – 3 26. 48x? + 46х + 5 
27. 64у? + Ду – 3 28. 120х? + 67x — 5 
29. 9х2-1 30. 442—9 


The difference of two squares 


x? — y* = (x - у)(х * y) 
Remember this result. 


Example 7 


Factorise (a) 4a? — b? 
(b) 3x? - 27у? 


(а) 4а? — b? = (2а)? – b? 


= (2a — b)(2a + b) 

(b) 3x? — 27y? = 3(x? - ду) 

= 3[x? - (3у)?] 

= 3(х — 3y)(x + Зу). 


Exercise 25 


Factorise the following: 


1. ?- а? 
3. х2 – 12 
5. х2-9 
7. x! - 2 
9. 4x? – y? 
11. 25x? — 4y? 
2 
2 4 
13. x 1 
4 
7 на 
15. 16 2 55 
17. х-х 
19. 4? -x 
21. 12х° — 3xy? 
23. 5x? – 1: 
25. 12x?y — 3yz? 
27. 504 — 8? b? 
Evaluate the following 
29. 812 — 802 
31. 2252-2152 
33. 7232-7202 
35. 5:24? — 4-76? 
37. 3:812 – 3-87 
39. 7.68? - 2.32? 


12. 
14. 


16. 


18. 
. 8х3 - 2ху? 
22. 
. 50а? — 18ab? 


земе 


а — ab? 


18т3 — 8тп? 


26. 36a°b — 4ab? 


to 


SSRERS 


. Збх?у – 225xy? 


. 102? — 100? 

. 12112 - 1210? 
‚ 3-82 — 3.72 

. 1234? — 1235? 
. 540? — 550? 

. 0-003? — 0-002? 


2.9 QUADRATIC EQUATIONS 
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So far, we have met linear equations which have 
one solution only. 

Quadratic equations always have an x? term, and 
often an x term and a number term, and 
generally have two different solutions. 


(a) Solution by factors 


Consider the equation a X b = 0, where а and b 
are numbers. The product a X b can only be zero 
if either a or b (or both) is equal to zero. 

Can you think of other possible pairs of numbers 
which multiply together to give zero? 


Example 1 

Solve the equation x? + x — 12 20 

Factorising, (x — 3)(x + 4) = 0 

either х-3=0 or х+4=0 
x=3 х--4 

Example 2 

Solve the equation 6x? - x – 2 = 0 


Factorising, (2x — 1)(3x + 2) = 0 
either 2х-1+0 or 3x+2=0 


2x = 1 Зх = -2 

х=} х=- 
Ехегсве 26 
Solve the following equations 
1. x^ 47x 12+0 2. x^ + 7x - 1020 
3. x? 42x - 15-0 4. x! -*x- 620 
5. х? - 8x + 1220 6. x^ + 10x + 21 = 0 
7. x - 5x +6=0 8. x -4x-5=0 
9. х? + 5x – 14-0 10. 2x2 - 3x - 220 


11. 3x? + 10x - 820 12. 2x? - 7x – 1520 
13. 6x^— 13x c 620 14. 4x? -29x - 720 


15. 10x?—-x - 3-0 16. y? — 15у + 56 = 0 
17. 12у: —16у +5=0 18. у2+2у- 63=0 
19. x^ -2x 41-0 20. х: - 6x - 920 

21. x^ + 10x + 25 = 0 22. х? — 14x + 49-0 
23. 62-а-1-0 24. 44? -3a - 1020 


25. :2-8:-65-0 
27. 1042 + 19% —-2=0 
29. 36x? +х-2=0 


26. 6х? + 17x - 320 
28. у: —гу+1=0 
30. 20х2-7х-3-0 


Example 3 
Solve Ше equation x? — 7x = 0 
Factorising, x(x — 7) = 0 


either х-0 or х-7=0 
x=7 


The solutions are x = 0 and x 2 7. 


Example 4 
Solve the equation 4x? — 9 = 0 


(a) Factorising, (2x – 3)(2х + 3) 20 
either 2x —320 or 2x+3=0 


2x =3 2х = —3 
x=3 x= —$ 
(b) Alternative method 
4x*-9=0 
4х? =9 
х2-1 
x=+2 or —3. 
Exercise 27 
1. x?- 3x 20 2. x! + 7x 20 
3. 2x? - 2x «0 4. 33 - x «0 
5. x^— 1620 6. x -4920 
7. 4x? - 120 8. 052-4-0 
9. бу? + 9у «0 10. ба: – 9а = 0 
11. 10x?— 55x = 0 12. 16х2-1-0 
13. уг—1= 14. 56x? - 35x = 0 
15. 36x? - 3x = 0 16. х2 = бх 
17. x? = 11Х 18. 2x? = 3х 
19. x? = 20. 4x =x? 
21. Зх х? = 0 22. 4x7 = 
23. 9x7 = 16 24. х? = 
25. 12x = 5x? 26. 1- 9х2 =0 
2.3 2-22 
27. х 4 28. 2х 3 
1 X 
2222 реу 26 
29. 4х 4 30. 5 x°=0 
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(b) Solution by formula 


The solutions of the quadratic equation 
ах? + bx +с=0 
are given by the formula 


_ —b + V(b? — 4ac) 
7 2a 


Use this formula only after trying (and failing) to 
factorise. 


Example 5 


Solve the equation 2x* — 3x — 4 = 0. 
In this case a= 2, b= —3, c= —4. 
NE =) V[(-3)? – (4 x 2 x —4)] 


2х2 
3-419-32| 3+V41 
Д = 0————— 
4 4 
= 3 + 6:403 
| 4 
either хэ 22640 = 2:35 (2 деста! ріасеѕ) 
o "Y 3 — 6:403 -3:403 
| 4 4 
= -0-85 (2 decimal places). 
Exercise 28 


Solve the following, giving answers to two decimal 
places where necessary. 


1. 2х2+11х+5+0 2. 3х? + 11x 46-20 
3. 6x? c 7x 4 220 4. 3x - 10x + 320 
5. 5x! — 7x - 220 6. 6x7 - 11х+3=0 
7. 2x? + 6x c 320 8. х2+4х+1=0 
9. 5х2 - 5x - 1-0 10. x? - 7x -220 
11. 252+ 5x - 120 12. 3x * x - 320 
13. 3х2 + 8x — 6 = 0 14. 33? —7x - 2020 
15. 2x3? - 7x - 15« 0 16. x -3àx - 220 
17. 2x? +6х - 1-0 18. 6x?— 11x - 720 
19. 3x7+25x+8=0 20. 3y? -2y - 520 
21. 2у: —5у+1=0 22. 1у?+3у+1=0 
23. 2- x - 6х: =0 24. 3 + 4х - 2x? = 0 
25. 1-5х-2х? =0 26. 3xX!—14 4x = 0 
27. 5x - x? x 220 28. 24x! - 22x - 35 = 0 


29. 36x?— 17x - 3520 30. 20x? + 17x – 63 =0 
31. x! -2-5x - 6-0 32. 0:3y? + 0-4y – 1:5 = 0 
33. 10- x - 3x? =0 34. х? + 3:3x 0:7 = 0 
35. 12 — 5x? – 11х=0 36. 5x — 2х? + 187 = 0 


The solution to a problem can involve an 
equation which does not at first appear to be 
quadratic. The terms in the equation may need 
to be rearranged as shown below. 


Example 6 


Solve: 2х(х-1)+(х+1)2-5 
2х?2-2х-х?+2х+1-5 
2х2-2х-х2-2х-1+5+0 
x*-4x+4=0 
(х-2)(х-2)-0 
х=2 


In this example the quadratic has а repeated root 
of x = 2. 
Exercise 29 


Solve the following equations, giving answers to two 
decimal places where necessary. 














1, x 26- x 
2. x(x + 10) = -21 
3. 3x + 2 = 2x? 
4. x! + 42 5x 
5. 6х(х+1)+5-х 
6. (2х)? = х(х —14) - 5 
7. (x 3)? = 10 | 
8. (x + 1? - 102 2x (x -2) 
9. Qx - 1)? = (x - 1 +8 
10. 3x(x +2) —x(x-2) * 6-0 
11. х=!”—22 12. x 5- 14 
X х 
7 3 
13. 4x+-=29 14. 10х- | + - 
X X 
15. 2x? = 7x 16. 16-23 
17. 25-42-1-1 18 tes 
x x х+1 
3 3 2 4 
те" xo a 


21. One of the solutions published by Cardan in 1545 
for the solution of cubic equations is given below. 
For an equation in the form х? + px = q 


= «8 «]- М) 


Use the formula to solve the following equations, 
giving answers to 4 sig. fig. where necessary. 

(a) х? + 7x = -8 

(b) x°+6x=4 

(с) x! - 3x 22 

(d) x) --9x-220 
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2.10 PROBLEMS SOLVED BY QUADRATIC EQUATIONS 


Example 1 


The perimeter of a rectangle is 42 cm. If the 
diagonal is 15 cm, find the width of the 
rectangle. 


Let the width of the rectangle be x cm. 


Since the perimeter is 42 cm, the sum of the 
length and the width is 21 cm. 


length of rectangle = (21 — x) cm 


(21 — x) 


By Pythagoras' theorem 


x^ + (21-х)? = 15 
x? + (21 х)(21 ~ x) = 152 
х? + 441 — 42x + х? = 225 
2х? — 42x + 216 = 0 
x? - 21x + 10820 
(x —12)(x - 9) = 0 
х 12 
or x=9 
Note that the dimensions of the rectangle are 
9 cm and 12 cm, whichever value of x is taken. 
The width of the rectangle is 9 cm. 


Example 2 


A man bought a certain number of golf balls for 
£20. If each ball had cost 20p less, he could have 
bought five more for the same money. How 
many golf balls did he buy? 


Let the number of balls bought be x. 


Cost of each ball = a pence 


If five more balls had been bought 


Cost of each ball now = oh pence 


The new price is 20p less than the original price. 








2000 2000 _ 
х (x45) 20 
(multiply by x) 
ул: ди = 20x 
X (x +5) 
(multiply by (x + 5)) 


2000 B 
2000(х + 5) – x (x45) (x + 5) = 20x (x + 5) 


2000x + 10000 — 2000x = 20x? + 100x 
20x? + 100x — 10000 = 0 
х? + 5х — 500 = 0 
(x — 20)(х + 25) = 0 
х = 20 
or х= 25 


We discard x = —25 as meaningless. 
The number of balls bought = 20. 


Exercise 30 


Solve by forming a quadratic equation. 

1. Two numbers, which differ by 3, have a product of 
88. Find them. 

2. The product of two consecutive odd numbers is 
143. Find the numbers. (Hint: If the first odd 
number is x, what is the next odd number?) 

3. The length of a rectangle exceeds the width by 
7 cm. If the area is 60 ст”, find the length of the 
rectangle. 

4. The length of a rectangle exceeds the width by 
2 cm. If the diagonal is 10 cm long, find the width 
of the rectangle. 

5. The area of the rectangle exceeds the area of the 
square by 24 m°. Find x. 


(x — 3)m 


(x — 6)m (х – Туп 


(x — 7)m 
6. The perimeter of a rectangle is 68 cm. If the 


diagonal is 26 cm, find the dimensions of the 
rectangle. 


7 


10. 


11. 


12. 


13 


• 


14. 


15. 
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А man walks a certain distance due North and 
then the same distance plus a further 7 km due 
East. If the final distance from the starting point is 
17 km, find the distances he walks North and East. 
A farmer makes a profit of x pence on each of the 
(x -- 5) eggs her hen lays. If her total profit was 84 
pence, find the number of eggs the hen lays. 


. À boy buys x eggs at (x — 8) pence each and 


(x — 2) rashers of bacon at (x — 3) pence each. If 
the total bill is 81:75, how many eggs does he buy? 
A number exceeds four times its reciprocal by 3. 
Find the number. 

Two numbers differ by 3. The sum of their 
reciprocals is үр; find the numbers. 

A cyclist travels 40 km at a speed x km/h. Find the 
time taken in terms of x. Find the time taken 
when his speed is reduced by 2 km/h. If the 
difference between the times is 1 hour, find the 
original speed x. у 

An increase of speed of 4 km/h on a journey of 
32 km reduces the time taken by 4 hours. Find the 
original speed. 

A train normally travels 60 miles at a certain 
speed. One day, due to bad weather, the train's 
speed is reduced by 10 mph so that the journey 
takes 3 hours longer. Find the normal speed. 

The speed of a sparrow is x mph in still air. When 
the wind is blowing at 1 mph, the sparrow takes 5 
hours to fly 12 miles to its nest and 12 miles back 
again. She goes out directly into the wind and 
returns with the wind behind her. Find her speed 
in still air. 


REVISION EXERCISE 2A 


1. 


Solve Ше equations 
(a) х+4= 3х 4-9 

(c) у*+5у=0 

(e) 3x? + 7x – 4020 


(b) 9—3а=1 
(d) x? -420 


. Given a = 3, b = 4 and c = -2, evaluate 


(а) а: — b 
(с) 2b? - c? 


(b) a(b — с) 


. Factorise completely 


(а) 4х? - y? (b) 2x? + 8x + 6 
(c) 6m + 4n — 9km — 6kn 
(d) 2x? - 5x – 3 


16. 


17. 


18. 


19. 


20. 


4. 


5. 


An aircraft flies a certain distance on a bearing of 
135° and then twice the distance on a bearing of 
225“. Its distance from the starting point is then 
350 km. Find the length of the first part of the 
journey. 

In Fig. 1, ABCD is a rectangle with AB < 12 cm 
and BC + 7 cm. АК = BL = СМ = DN = x ст. 

If the area of KLMN is 54 cm? find x. 


А K B 
1 

И ie 

D M С 
Fig. 1 


In Fig. 1, АВ = 14 cm, ВС = 11 cm and 

AK = BL = СМ = DN = x cm. If the area of 
KLMN is now 97 ст”, find x. 

The numerator of a fraction is 1 less than the 
denominator. When both numerator and 
denominator are increased by 2, the fraction is 
increased by 5. Find the original fraction. 

The perimeters of a square and a rectangle are 
equal. The length of the rectangle is 11 cm and the 
area of the square is 4 ст? more than the area of 
the rectangle. Find the side of the square. 


Solve the simultaneous equations 

(а) 3x+2y=5 (0) 2т-п=6 
2х – у = 8 2m + Зп = —6 

(с) 3x – ду = 19 (d) 3х – 7у = 11 
х + бу = 10 2х – Зу = 4 


Given that x = 4, у = 3, z = —2, evaluate 


(а) 2x(y + 2) (b) (ху)? - 2? 
(с) х2+у?+ 2? (d) (x * y)(x — г) 


(e) Vix - 4z)] (9 


Revision exercise 2A 


6. (a) Simplify 3(2x — 5) – 2(2x + 3) 
(b) Factorise 2a — ЗЬ — 4ха + 6xb 





(c) Solve the equation == x = 2, 
7. Solve the equations 
7.2 
(а) 5—7x 24-— бх (b) 273 
(c) ила (d) х'+5х+6=0 
1 
©; x | 3 
8. Factorise completely 
(a) 22—162 (b) x?y? + x? + y? + 1 


(c) 2x? + 11x + 12 
9. Find the value of YD when x = 2a and 
у = та. 
10. Solve Ше simultaneous equations 


(а) 7c + за = 29 (b) 2х-Зу 27 
5c—4d = 33 2y – Зх = –8 

(с) 5х = 3(1 – у) (d) 55 + 3г= 16 
3x+2y+1=0 115 + 7! 34 

11. Solve the equations, 

(а) 4(у +1) = — 

(b) 4(2x – m -х) +0 
х+3 _ 

(с) = 

(9) х ж 


12. Solve the following, giving your answers correct to 
2 decimal places. 
(а) 2x? -3x - 1250 
7 


(с) 3x? +2х - 4-0 (d) x - 32- 
13. Find x by forming a suitable equatión. 


(b) x -x-120 


(a) | (b) 
6 (x +1) 


(x + 14) 


(x – 1) 


14. Given that т = —2, n = 4, evaluate 
(a) 5т + Зп (b) 5 + гт – т? 
(с) т? + 2т (d) (ст + n)(2m — n) 
(e) (п-т)? (f n — mn -2m 


15. 


16. 


17. 


18. 


21. 


22. 
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A car travels for x hours at a speed of (x + 2) 
milesper hour. Ifthe distance travelledis 15 miles, 
write down an equation for x and solve it to find 
the speed of the car. 


ABCD is a rectangle, where AB = x cm and BC is 
1:5 cm less than AB. 

A x ст B 

D C 


If the area of the rectangle is 52 cm?, form an 
equation in x and solve it to find the dimensions of 
the rectangle. 

Solve the equations 

(а) (2x + 1)? = (х + 5)? 


(c) x? —- 7x * S = 0), giving the answers correct to 
two decimal places. 

Solve the equation 

x xtl 1] 


х+1 3x-1 4 


. Given that a + b = 2 and that а? + b? = 6, prove 


that 2ab = —2. Find also the value of (a — b)’. 


. The sides of a right-angled triangle have lengths 


(x — 3) cm, (x + 11) cm and 2x cm, where 2x is the 
hypotenuse. Find x. 

А piggy-bank contains 50 coins, all either 2p or 
5р. The total value of the coins in £1:87. How 
many 2p coins are there? 

Pat bought 45 stamps, some for 10р and some for 
18p. If he spent £6-66 altogether, how many 10p 
stamps did he buy? 


. When each edge of a cube is decreased by 1 cm, 


its volume is decreased by 91 ст?. Find the length 
of a side of the original cube. 


. One solution of the equation 2x? - 7x + k = 0 is 


х= — j . Find the value of k. 


46 


EXAMINATION EXERCISE 2B 


ADMISSION 


aS 
CHILDREN 
HALF 
PRICE 













1. 


2. 


2 


Three children and their parents visit a castle. The children are charged half the 
adult price of admission. The total paid by their father is #5:25. 

(a) Using x as the price of admission for an adult, form an equation in x. 

(b) Solve this equation and write down the adult admission charge. [M] 


The cost of hiring a cleaning machine is a fixed charge of £C with an additional 

charge of £A for each day of the hire period. 

(a) Write down an expression for the cost of hiring the machine for 3 days. 

(b) When the number of days in the hire period is л, the total cost is £T. Write 
down a formula for 7 in terms of C, n and A. [N] 


(a) Simplify 
"^ ST ia 
0 ==, 052 


(b) Multiply ош (3p — q)(p + 24) and simplify your answer 
(c) Factorise completely 
(i) x -x -20 (и) 3X? — 192 
(d) Solve each of the following equations: 
(i) 32x – 5) 14 
(ii) i(x - 7) -3(x - 1) 24 
(e) Solve the simultaneous equations: 
4x – 5y 23 
2x —3y 27 [MEI] 


. The diagram shows a row of 3 white tiles surrounded by 12 shaded tiles 





(a) How many shaded tiles are needed to surround a row of 
(i) 2 white tiles, 
(1) 4 white tiles, 
(iii) 20 white tiles? 
(b) Find a rule which gives the numbers of shaded tiles needed to surround a 
row of w white tiles. 
(c) Use your rule to find how many shaded tiles are needed to surround a row 
of 100 white tiles. 
(d) How many white tiles in a row are surrounded by 626 shaded tiles? [W] 


In her will, granny leaves all her money to be shared by her three grandchildren. 

Anne is to have £400 more than Beatrice. Clarissa is to have three times as much 

as Beatrice. 

(a) If Beatrice receives £x, then Anne receives £(x + 400). Write an expression 
for the amount Clarissa receives in terms of x. 

(b) Suppose Clarissa receives £300. How much does Anne receive? 

(c) When granny died, Anne and Clarissa received the same amount of money. 
How much did granny leave? [$] 


Examination exercise 2B 










[21122123] 24 
[29| 30| 31 | 32 
[33 |34 | 35 | 36. 
[37| 38 | 39 | 40 
(41 |42 [43 |44] 
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6. A gardener always plants his white and red rose bushes in a special pattern. 


Below are three of his arrangements. 


0000 000000 ооо 
со 0000 e 
Оооо OOOOOO ооо Ф : roses 






О white roses 


(a) Draw another way he could plant bushes which still fits his pattern. 

(b) How many white rose bushes would he need for an arrangement which used 
27 red ones? 

(c) How many red bushes would he need if he planted 100 white ones? 

(d) If R stands for the number of red bushes used and W stands for the number 
of white ones used, write a formula connecting К and W for this pattern. 
(У = ) 

(e) Another gardener always plants her rose bushes using the rule W = ЗК + 4. 
Find the TOTAL number of bushes used if there are 10 red ones. 

(f) Find the value of R given by the formula if W is 20. 

(g) What does this tell you about a pattern using 20 white roses? [S] 


. (a) At the moment, Paul is six times as old as his daughter Jane. 


(i) If Jane's present age is x years, write down, in terms of x, the age Paul 
will be in 12 years' time. 
(ii) In, 12 years’ time, Paul will be three times as old as Jane. Write down 
an equation for x and hence find Jane's present age. 
(b) Solve the equation (x — 1)? 3, giving your answers correct to two decimal 
places. [M] 


. The diagram shows a number-rectangle with a square 


marked on it. This is called Ше “15 square' since 15 is the 

number in the top left hand corner of the square. 

(a) Find the total of the numbers in the '26 square'. 

(b) Write down, in terms of x, the other three numbers 
in the ‘x square’ and find the total of the four 
numbers. 

Show that the total number is 4x + 10. 

(c) Which square has a total of 126? 

(d) Explain why the total of the four numbers in any 
square could not be 

(i) 93 
(ii) 106 [W] 


. A function f(x) is defined as 


f(x) =x? + 5x – 24 
(a) Evaluate 
(i) f(72), 
(ii) f(—3). 
(b) Find the values of x for which 
(i) f(x) ^ 0, 
(ii) f(x) + —24. [S] 
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10. 


11. 


12. 


The average speed of a train travelling the 90 miles from Porthmadog to 

Shrewsbury i is 15 miles per hour faster than the average speed of a car doing the 

same journey. The journey by car takes 5 hour longer than the journey by train. 

(a) Copy the table below, and complete it to show the average speed and the 
time taken by the car and the train in terms of u. 

(b) Form an equation in и and solve it to obtain the average speed of the car. 


Average speed in miles 
Distance in miles Time in hours 





IW] 


А road tanker carries 30 tonnes of oil. When cold the oil can be pumped out at a 

rate of x tonnes per minute. 

(a) Write down an expression for the time, in minutes, taken to empty the 
tanker. 


И the oil is heated then an extra 0-5 tonnes can be pumped out per minute. 
(b) Write down an expression for the time taken to empty the tanker when the 
oil is heated. 


If the oil has been heated then the time taken to empty the tanker is reduced by 
two minutes. 
(c) Show that the equation for x can be expressed in the form 

2x! -x—15-0 
Solve this equation for x, and hence find the time taken to empty the tanker 
when the oil is cold. [NI] 


A plastics firm is asked to make a small open rectangular container with a square 
base. The side of the base is x mm and the height of the container is mm. 


<=“. 77 h mm х. 


Xx mm 


x mm 


The pieces making up the faces of the container are cut from a single rectangular 
strip of plastic of width x mm. 
(a) Write down, in terms of x and h, 
(i) the length of the piece of plastic, 
(ii) the area of the piece of plastic. 
The area of plastic used for one container is 2500 mm?. 
(b) Use your answer in (a) (ii) to find an expression for h in terms of x. 
(c) Find the value of x when the height is 20 mm. 
(d) Write down, to the nearest millimetre, the dimensions of the strip of plastic. 


[L] 


3 Mensuration 





SS S Archimedes of Samos (287—212 B.C.) studied at 
Alexandria as a young man. One of the first to apply 
scientific thinking to everyday problems, he was a 
practical man of common sense. He gave proofs for 
finding the area, the volume and the centre of gravity of 
circles, spheres, conics and spirals. By drawing polygons 
with many sides, he arrived at a value of a between 35 
and 3%. He was killed in the siege of Syracuse at the age 
of 75. 
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1 b 
area = хр area = 3 (а + b)h 


area =ја х b 
= X (product 
of diagonals) 
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Exercise 1 


For questions 1 to 7, find the area of each shape. Decide which information to use: 
you may not need all of it. 


3: 12.4m 


5-1 m 


10 т 











3 ст 
7m 120 cm 
6 cm 
3m 
ia в 
5m 
8 9. Find th h 
8. Find the area shaded. о РАНИ nip Rc 
4m 3m 6m 
"Tm 7m 
| 5m 
9 cm 23 d 
7 т па 
10. А rectangle has an area of 117 m? and a width of 16. On squared paper draw the triangle with vertices 
9 m. Find its length. at (1, 1), (5, 3), (3, 5). Find the area of the 
11. A trapezium of area 105 cm? has parallel sides of triangle. 
length 5 cm and 9 cm. How far apart are the 17. Draw the quadrilateral with vertices at (1, 1), 
parallel sides? (6, 2), (5, 5), (3, 6). Find the area of the 
12. A kite of area 252 m? has one diagonal of length quadrilateral. 
9 m. Find the length of the other diagonal. 18. A square wall is covered with square tiles. There 
13. A kite of area 40 m? has one diagonal 2 m longer are 85 tiles altogether along the two diagonals. 
than the other. Find the lengths of the diagonals. How many tiles are there on the whole wall? 
14. A trapezium of area 140 cm? has parallel sides 19. On squared paper draw a 7 X 7 square. Divide it 
10 cm apart and one of these sides is 16 cm long. up into nine smaller squares. 
Find the length of the other parallel side. 20. A rectangular field, 400 m long, has an area of 
15. A floor 5 m by 20 m is covered by square tiles of 6 hectares. Calculate the perimeter of the field. 


side 20 cm. How many tiles are needed? [1 hectare = 10 000 m?]. 


3.1 Area 
Triangle 
B 
a 
cL E " 


8----Ы-0 м 


area - 3x b X h. 
In triangle BCD, sin C — Я 
һ= а їп С 
area of triangle 24 x b x a sin С. 


This formula is useful when two sides and the 
included angle are known. 


Example 1 
Find the area of the triangle shown. 
B 
5 ст 
ГА 
" 7 cm ы 

Area =; аЬ sin С 

—$xX5x7xsin 52? 

= 13-8 ст? (3 sig. fig.) 
Parallelogram 





агеа= b xh 
area — ba sin 0 
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Exercise 2 


In questions 1 to 12 find the area of ЛАВС where 
АВ = с, АС = b and ВС =a. (Sketch the triangle in 
each case.) 


„ат? ст, b = 14 ст, С = 80°, 

. Б= 11 ст, а = 9 ст, С = 35°. 

c=12 m, b=12 m, А = 67-2°. 

а = 5 cm, c = 6 ст, B = 11.8°. 

b = 4-2 cm, a = 10 ст, С = 120°. 

a = 5 ст, с = 8 cm, В = 142°. 

. b =3-2 ст, с = 1:8 cm, В = 10°, C = 65°. 
. a=7m,b=14 m, А = 32°, В = 100°. 
»a=b=c=12m. 

10. а=с=8 т, В=72°. 

11. b=c= 10cm, В = 32°. 

12. а= Б=с= 0:8 m. 


юмарт юз 


In questions 13 to 20, find the area of each shape. 
13. 


a 
«— ———|4 т ———» 


«— —— 10:1 m —— 


"| 


4m 


| 


16 10ст 


\ / А 
7 cm 


7 т 


52 Part 3 Mensuration 


17. 29. A regular hexagon is circumscribed by a circle of 
radius 3 cm with centre О. 
5 cm 
А 


8 cm 





19. Find the area shaded. 





(a) What is angle EOD? 
(b) Find the area of triangle EOD and hence find 
the area of the hexagon ABCDEF. 

30. Hexagonal tiles of side 20 cm are used to tile a 
room which measures 6-25 m by 4-85 m. Assuming 
we complete the edges by cutting up tiles, how 
many tiles are needed? 

31. Find the area of a regular pentagon of side 8 cm. 

32. The diagram shows a part of the perimeter of a 
regular polygon with л sides 





21. Find the area of a parallelogram ABCD with 


AB =7 m, AD = 20 m and BAD = 62°. ло 
22. Find Ше area of a parallelogram ABCD with 
AD 27 m, CD = 11 m and BAD = 65°. 
23. In the diagram if AE = 1 AB, find the area 
shaded. 


12cm 


оскус 






The centre of the polygon is at О and 

ОА = ОВ = 1 unit. 

(a) What is the angle AOB in terms of n? 

(b) Work out an expression in terms of n for the 
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area of Ше polygon. 
(c) Find the area of polygons where n - 6, 10, 
24. The area of an equilateral triangle ABC is 50 ст. 300, 1000, 10000. What do you notice? 
Find AB. 33. The area of a regular pentagon is 600 cm?. 
25. The area of a triangle ABC is 64 cm?. Given Calculate the length of one side of the pentagon. 


AB = 11 cm and BC = 15 cm, find АВС. 

26. The area of a triangle XYZ is 11 m?. Given 
YZ = 7 m and XYZ = 130°, find XY. 

27. Find the length of a side of an equilateral triangle 
of area 10-2 m?. 

28. A rhombus has an area of 40 cm? and adjacent 
angles of 50° and 130”. Find the length of a side of 
the rhombus. 


3.2 THE CIRCLE 
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For any circle, the ratio еисшшегепсе 15 
diameter 
equal to т. 


The value of 7 is usually taken to be 3-14, but 


this is not an exact value. Through the centuries, 


mathematicians have been trying to obtain a 
better value for тг. 


For example, in the third century A.D., the 
Chinese mathematician Liu Hui obtained the 
value 3-14159 by considering a regular polygon 
having 3072 sides! Ludolph van Сешеп (1540- 
1610) worked even harder to produce a value 
correct to 35 significant figures. He was so proud 
of his work that he had this value of 7 engraved 
on his tombstone. 


Electronic computers are now able to calculate 
the value of 7 to many thousands of figures, but 
its value is still not exact. It was shown in 1761 
that 7 is an irrational number which, like V2 or 
V3 cannot be expressed exactly as a fraction. 


The first fifteen significant figures of 7 can be 
remembered from the number of letters in each 
word of the following sentence. 


How I need a drink, cherryade of course, after 


the silly lectures involving Italian kangaroos. 
There remain a lot of unanswered questions 
concerning 7, and many mathematicians today 
are still working on them. 


The following formulae 
should be memorised. 


circumference = 74 
=2nr 


area = mr? 


Example I | 


Find the circumference and area of a circle of 
diameter 8 cm. (Take т = 3-14.) 


Circumference - та. 
= 3.14 х8 
= 25:1 cm (3 $.Е.) 
Area = ar? 
= 3:14 х 42 
= 50-2 сп?(3 s.F.) 


Exercise 3 


For each shape find (a) the perimeter, (b) the area. 
All lengths are in cm. Use the 7 button on a calculator 
or take т = 3-142. АП the arcs are either semi-circles 
or quarter circles. 


So © 


3. 
€—8— 
5 6. 
7. 
9. 
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11. 

<— 4 —> 

Є----48--1ШШт--» 
12. 

<——————6——————> 
Ехатріе 2 


A circle has a circumference of 20 in. Find the 
radius of the circle. (Take 7 = 3:14.) 


Let the radius of the circle be r m. 


Circumference — 27r 


27r = 20 
‚-2@ 
гл 
г 3.18 


The radius of the circle is 3-18 m (3 8.Е.). 


Example 3 


A circle has an area of 45 cm". Find the radius of 
the circle. (Take 7 = 3-14.) 


Let the radius of the circle be r cm. 


пт? = 45 
_ 45 


p= J (5) = 3-78 (3 s.r.) 


The radius of the circle is 3-78 ст. 


Exercise 4 


Use the ‘т’ button on a calculator and give answers to 
3 S.F. 


A 


1. A circle has an area of 15 ст. Find its radius. 

2. A circle has a circumference of 190 m. Find its 
radius. 

3. Find the radius of a circle of area 22 km?. 


4. Find the radius of a circle of circumference 
58-6 cm. 

5. A circle has an area of 16 mm". Find its 
circumference. 

6. A circle has a circumference of 2500 km. Find its 
area. 

7. А circle of radius 5 cm 
is inscribed inside a 
square as shown. 

Find the area shaded. 


8. A circular pond of radius 
6 m is surrounded by a 
path of width 1 m. 

(a) Find the area of the 
path. 

(b) The path is resurfaced 
with astroturf which 
is bought in packs 
each containing enough 
to cover an area of 7 m^. How many 
containers are required? 

9. Discs of radius 4 cm are cut from a rectangular 
plastic sheet of length 84 cm and width 24 cm. 
How many complete discs can be cut out? Find 
(a) the total area of the discs cut 
(b) the area of the sheet wasted. 

10. The tyre of a car wheel has an outer diameter of 
30 cm. How many times will the wheel rotate on a 
journey of 5 km? 

11. А golf ball of diameter 1:68 inches rolls a distance 
of 4 m in a straight line. How many times does the 
ball rotate completely? 

(1 inch = 2:54 cm) 

12. 100 yards of cotton is wound without stretching 
onto a reel of diameter 3 cm. How many times 
does the reel rotate? 

(1 yard < 0-914 m. Ignore the thickness of the 
cotton) 

13. А rectangular metal plate has a length of 65 cm 
and a width of 35 cm. It is melted down and recast 
into circular discs of the same thickness. How 
many complete discs can be formed if 
(a) the radius of each disc is 3 cm? 

(b) the radius of each disc is 10 cm? 

14. Calculate the radius of a circle whose area is equal 
to the sum of the areas of three circles of radii 
2 cm, 3 cm and 4 cm respectively. 
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15. The diameter of a circle is given as 10 cm, correct 20. Mr Gibson decided to measure the circumference 
to the nearest cm. Calculate of the Earth using a very long tape measure. For 
(a) the maximum possible circumference reasons best known to himself he held the tape 
(b) the minimum possible area of the circle measure 1 m from the surface of the (perfectly 


consistent with this data. spherical) Earth all the way round. When he had 
16. А square is inscribed in a e D. finished Mrs Gibson told him that his measurement 
circle of radius 7 cm. Find gave too large an answer. She suggested taking off 
(a) the area of the square 6 m. Was she correct? [Take the radius of the 
(b) the area shaded. Earth to be 6400 km (if you need it)] 


21. The large circle has a radius of 10 cm. Find the 
radius of the largest circle which will fit in the 
middle. 





17. An archery target has 
three concentric regions. 
The diameters of the 
regions are in the ratio 
1:2:3. Find the ratio of 
their areas. 

18. The governor of a prison has 100 m of wire 
fencing. What area can he enclose if he makes a 
circular compound? 

19. The semi-circle and the isosceles triangle have 
the same base AB and the same area. Find the 
angle x. 


3.8 ARCLENGTH AND SECTOR AREA 





arc / Ф. | Е 


Sector A | 


0 0 2 
= —— = —— X 
Arc length, / 360 ~ 2Tr Sector area, А 360 Х 77" 
We take a fraction of the whole circumference We take a fraction of the whole area depending 
depending on the angle at the centre of the on the angle at the centre of the circle. 

circle. 
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Example 1 


Find the length of an arc which subtends an 
angle of 140? at the centre of a circle of radius 
12 cm. (Take т= $.) 


-140 ох? 
Arc length = 360 X 2х5 x12 
_ 88 
3 
= 291 ст 
Example 2 


А sector of a circle of radius 10 cm has an area 
of 25 ст”. Find the angle at the centre of the 
circle. (Take т = 3.14.) 


25 ст? 


Let p angle at the centre of the circle be 0. 


2 
TX 107 = 25 
j= 25 x 360 
— 3:14 x 100 


9 = 28-7 (3 s.F.) 
The angle at the centre of the circle is 28-7°. 


Exercise 5 


[Use the т button on a calculator unless told 
otherwise] 


1. Arc AB subtends an angle 0 at the centre of circle 
radius r. 


4 


M 


Find the arc length and sector area when 
(а) r=4cm, 0- 30° 
(b) rz 10 cm, 0 = 45° 
(c) r=2cm, 0- 235°, 
In questions 2 and 3 find the total area of the shape. 
2. 





K N 





ON = 6 cm, ОМ = 3 ст, OL = 2 ст, ОК = 6 ст. 


4. Find the shaded area. 
(b) 
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5. In the diagram the arc length is / and the sector 9. The length of an arc of a circle is 12 cm. The 
area is A. corresponding sector area is 108 cm?. Find 
(a) the radius of the circle 
(b) the angle subtended at the centre of the circle 


by the arc. 
А 10. The length of ап arc of a circle is 7:5 cm. The 
corresponding sector area is 37-5 cm?. Find 
(a) the radius of the circle 
7 (b) the angle subtended at the centre of Ше circle 
. by the arc. 
Find 8, when r=5 d /=7-5 ст 
D ын ав s 22 2 ün x dA=2m 11. In the diagram the arc length is / and the sector 
(c) Find г, when 0 = 55° and /=6cm. area is A. 


6. The length of the minor arc AB of a circle, centre 
О, is 27 cm and the length of the major arc is 


227 cm. Find | 
(a) the radius of Ше circle, 4 
(b) the acute angle AOB. 


7. The lengths of the minor and major arcs of a circle 
are 5-2 cm and 19:8 respectively. Find 


(a) the radius of the circle (а) Find/, when @=72° апаА = 15 ст? 
(b) the angle subtended at the centre by the (b) Find/, when @=135° and А = 162 m? 
minor arc. ' (c) Find A, when /=11cmand r= 5.2 ст 
8. A wheel of radius 10 cm is turning at a rate of 5 12. A long time ago Mr Gibson found an island 
revolutions per minute. Calculate shaped as a triangle with three straight shores of 
(a) the angle through which the wheel turns in length 3 km, 4 km and 5 km. He declared an 
1 second ‘exclusion zone’ around his island and forbade 
(b) the distance moved by a point on the rim in anyone to came within 1 km of his shore. What 
2 seconds. was the area of his exclusion zone? 


3.4 CHORD OF A CIRCLE 





The line AB is a chord. The area of a circle cut 
Off by a chord is called a segment. In the diagram 
the minor segment is shaded and the major 
segment is unshaded. 


(a) The line from the centre of a circle to the 
mid-point of a chord bisects the chord at 
right angles. 

(b) The line from the centre of a circle to the 
mid-point of a chord bisects the angle 
subtended by the chord at the centre of the 
circle. 
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Example 1 2. Find the shaded area when, 
(а) r26cm, 8-270? 

(b) / = 14 ст, 9 = 104° 

(с) r25cm, 6= 80° 


XY is a chord о length 12 cm of a circle of 
radius 10 cm, centre O. Calculate 
(a) the angle XOY 
(b) the area of the minor segment cut off by the 
chord XY. 
3. Find 8 and hence the 
shaded area when, 
(а) АВ = 10 cm, r= 10 ст 
(0) AB=8cm, r=Scm 





4. How far is a chord of length 8 cm from the centre 
of a circle of radius 5 cm? 


5. How far is a chord of length 9 cm from the centre 
of a circle of radius 6 cm? 
хх межу 
6. The diagram shows Ше 
Let the mid-point of XY be M поз HO она, 
cylindrical pipe with 
МУ = 6 cm water lying in Ше 
6 bottom. 


sn MOY = 10 (a) If the maximum 


MOY = 36:87? depth of the water 
XOY = 2 х 36:87 is 2 ст and the 
— 73-74? radius of the pipe 
is 7 cm, find the area shaded. 
area of minor segment — (b) What is the volume of water in a length of 
area of sector XOY — area of AXOY 30 cm? 


73-74 2 7. An equilateral triangle 
360 xq x10 is inscribed in a circle 
= 64-32 cm?. of radius 10 cm. Find 


area of AXOY =! х 10 x 10 x sin 73-74? (a) the area of the triangle. 
— 48-00 cm? (b) the area shaded. 








area of sector XOY = 


Area of minor segment = 64-32 — 48-00 
= 16-3 cm? (3 8.5.) 





8. An equilateral triangle is inscribed in a circle of 
radius 18-8 cm. Find 
(a) the area of the triangle. 
Exercise 6 (b) the area of the three segments surrounding 
the triangle. 
Use the ‘т’ button on a calculator 
9. A regular hexagon is 
1. The chord AB subtends an angle of 130? at the circumscribed by à 
centre O. The radius of the circle of radius 6 cm. 
circle is 8 cm. Find Find the area shaded. 
(a) the length of AB, 
(b) the area of sector OAB, 
(c) the area of triangle OAB, 
(d) the area of the minor on 
segment (shown shaded). 








3.5 Volume 


10. A regular octagon is circumscribed by a circle of 
radius r cm. Find the area enclosed between the 
circle and the octagon. (Give the answer in terms 
of r.) 

11. Find the radius of the circle 
(a) when 6 =90“, А 20 ст? 

(b) when 9 = 30°, А = 35 ст? 
(c) when 6 = 150°, А = 114 cm? б 





3.5 VOLUME 


Prism 





A 


А prism is an object with the same cross section 
throughout its length. 


Volumeofprism = (areaofcrosssection) x length 
= А хі. 


А cuboid is a prism whose six faces are all 
rectangles. А cube is a special case of a cuboid in 
which all six faces are squares. 


Cylinder 


radius =r 

height = h 
A cylinder is a prism whose cross section is a 
circle. 


Volume of cylinder 
= (area of cross section) X length 
Volume = пи 
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12. (Harder) The diagram shows a regular pentagon 
of side 10 cm with a star inside. Calculate the area 


of the star. 
10 cm 
Example 1 


Calculate the height of a cylinder of volume 
500 cm? and base radius 8 cm. Let the height of 
the cylinder be ћ cm. 


лт?һ = 500 
3-14 x 8 x h = 500 
p = —500 
3:14 x 64 
ћ 2-49 (3 s.r.) 


The height of the cylinder is 2-49 cm. 


Exercise 7 
1. Calculate the volume of the prisms. All lengths 
are in cm. 
(a) (b) 


| 


3 
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(е) 


10. 


11. 


12 


e 


13 


• 


14. 


15. 


Part 3 Mensuration 


(1) 15 





. Calculate the volume of the following cylinders 


(а) r=4cm, в 10 ст 
(0) + Пт, A=2m 
(c) #- 21 ст, А = 0:9 ст 


. Find the height of a cylinder of volume 200 ст? 


and radius 4 cm. 
Find the length of a cylinder of volume 2 litres and 
radius 10 cm. 


. Find the radius of a cylinder of volume 45 cm? and 


length 4 cm. 

A prism has volume 100 cm? and length 8 cm. If 
the cross section is an equilateral triangle, find the 
length of a side of the triangle. 


. When 3 litres of oil is removed from an upright 


cylindrical can the level falls by 10 cm. 
Find the radius of the can. 


. А solid cylinder of radius 4 cm and length 8 cm is 


melted down and recast into a solid cube. 
Find the side of the cube. 


‚ А solid rectangular block of copper 5 cm by 4 cm 


by 2 cm is drawn out to make a cylindrical wire of 
diameter 2 mm. Calculate the length of the wire. 
Water flows through a circular pipe of internal 
diameter 3 cm at a speed of 10 cm/s. If the pipe is 
full, how much water issues from the pipe in one 
minute? (answer in litres) 

Water issues from a hose-pipe of internal diameter 
1 cm at a rate of 5 litres per minute. At what 
speed is the water flowing through the pipe? 

A cylindrical metal pipe has external diameter of 
6 cm and internal diameter of 4 cm. Calculate the 
volume of metal in a pipe of length 1 m. If 1 cm? 
of the metal weighs 8 g, find the weight of the 
pipe. 

For two cylinders A and B, the ratio of lengths is 
3:1 and the ratio of diameters is 1:2. Calculate the 
ratio of their volumes. 

А well-trained hen can lay eggs which are either 
perfect cylinders of diameter and length 4 cm, or 
perfect cubes of side 5 cm. Which eggs have the 
greater volume, and by how much? (Take т = 3.) 
Mrs Gibson decided to build a garage and began 
by calculating the number of bricks required. The 
garage was to be 6 m by 4 m and 2-5 m in height. 
Each brick measures 22 cm by 10 cm by 7 cm. 
Mrs Gibson estimated that she would need about 
40 000 bricks. Is this a reasonable estimate? 


16. 


17 


18. 


Py 





A cylindrical can of internal radius 20 cm stands 
upright on a flat surface. It contains water to a 
depth of 20 cm. Calculate the rise in the level of 
the water when a brick of volume 1500 cm? is 
immersed in the water. 

A cylindrical tin of height 15 cm and radius 4 cm is 
filled with sand from a rectangular box. How 
many times can the tin be filled if the dimensions 
of the box are 50 cm by 40 cm by 20 cm? 

Rain which falls onto a flat rectangular surface of 
length 6 m and width 4 m is collected in a cylinder 
of internal radius 20 cm. What is the depth of 
water in the cylinder after a storm in which 1 cm 
of rain fell? 


ramid 





2a 


(i) 


(i) 


Figure (i) shows a cube of side 2a broken down 
into six pyramids of height a as shown in 
figure (ii). 


If the volume of each pyramid is V. 


then 6V=2axX2axX 2a 


50 


У = х (2а)? x га 
V-ix(Qayxa 
V = į (base area) x height. 


3.5 Volume 


Cone 


Volume = 1 nr? h 
(note the similarity with 
the pyramid) 


Sphere 


Volume = 157? 


Example 2 





A pyramid has a square base of side 5 m and 


vertical height 4 m. Find its volume. 


Volume of pyramid = 5 36 x 5) х4 
= 331 m°. 


Example 3 


Calculate the radius of a sphere of volume 


500 ст. 


Let the radius of the sphere Бе г cm 


iar? = 500 
p 3x5 
п 


= у (2200) = 4-92 (3 5.Е.) 


The radius of the sphere is 4-92 ст. 


Exercise 8 


Find the volumes of the following objects: 


1. cone: height = 5 cm, radius = 2 cm 
2. sphere: radius < 5 cm 

3. sphere: radius = 10 cm 

4. cone: height = 6 cm, radius = 4 cm 
5. sphere: diameter = 8 cm 

6. cone: height = x cm, radius = 2x cm 
7. sphere: radius < 0-1 m 

8. cone: height = 5 cm, radius = 3 ст 


9. 


10. 
11. 


12. 
13. 


14. 


15. 


16. 
17. 


18. 


19. 


21. 
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pyramid: rectangular base 7 cm by 8 cm; 
height = 5 cm 

pyramid: square base of side 4 m, height = 9 m 
pyramid: equilateral triangular base of side — 
8 cm, height = 10 cm 

Find the volume of a hemisphere of radius 5 cm. 
А cone is attached to a 

hemisphere of radius 4 cm. 

If the total height of the 

object is 10 cm, find its 

volume. 


A toy consists of a cylinder 

of diameter 6 cm 'sandwiched' 
between a hemisphere and a 
cone of the same diameter. 

If the cone is of height 8 cm 
and the cylinder is of height 
10 cm, find the total volume 


of the toy. 


Find the height of a pyramid of volume 20 m? and 
base area 12 т". 

Find the radius of a sphere of volume 60 cm?. 
Find the height of a cone of volume 2-5 litre and 
radius 10 cm. 

Six square-based pyramids fit exactly onto the six 
faces of a cube of side 4 cm. If the volume of the 
object formed is 256 cm’, find the height of each 
of the pyramids. 

A solid metal cube of side 6 cm is recast into a 
solid sphere. Find the radius of the sphere. 


‚ А hollow spherical vessel has internal and external 


radii of 6 cm and 6-4 cm respectively. Calculate 
the weight of the vessel if it is made of metal of 
density 10 g/cm’. 

Water is flowing into an inverted cone, of 
diameter and height 30 cm, at a rate of 4 litres per 
minute. How long, in seconds, will it take to fill 
the cone? 
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22. 


23. 


25. 


27. 


Part 3 Mensuration 


A solid metal sphere is recast into many smaller 
spheres. Calculate the number of the smaller 


spheres if the initial and final radii are as follows: · 


(a) initial radius = 10 cm, final radius = 2 cm 

(b) initial radius = 7 cm, final radius = спо 

(c) initial radius = 1 m, final radius = 1 ст. 

А spherical ball is immersed in water contained in 
a vertical cylinder. 


ere a 
9 


Assuming the water covers Ше ball, calculate the 
rise in the water level if 

(a) sphere radius = 3 cm, cylinder radius = 10 cm 
(b) sphere radius = 2 cm, cylinder radius = 5 cm. 


. A spherical ball is immersed in water contained in 


a vertical cylinder. The rise in water level is 
measured in order to calculate the radius of the 
spherical ball. Calculate the radius of the ball in 
the following cases: 
(a) cylinder of radius 10 cm, water level rises 
4 cm. 
(b) cylinder of radius 100 cm, water level rises 
8 cm. 
One corner of a solid 
cube of side 8 cm is 
removed by cutting 
through the mid-points 
of three adjacent sides. 
Calculate the volume 
of the piece removed. 


. The cylindrical end of a pencil is sharpened to 


produce a perfect cone at the end with no overall 
loss of length. И the diameter of the pencil is 

1 ст, and the cone is of length 2 cm, calculate the 
volume of the shavings. 

Metal spheres of radius 2 cm are packed into a 
rectangular box of internal dimensions 16 cm X 

8 cm x 8 cm. When 16 spheres are packed the box 
is filled with a preservative liquid. Find the volume 
of this liquid. 





28. 


29. 


31. 


32 


* 


33. 


34. 


The diagram shows the A M B 
cross section of an 

inverted cone of height 

МС = 12cm. If AB = 

6 cm and XY 22 cm, 

use similar triangles to 

find the length NC. 

Hence find the volume 

of the cone of height NC. 


An inverted cone of height 10 cm and base radius 
6:4 cm contains water to a depth of 5 cm, 
measured from the vertex. Calculate the volume 
of water in the cone. 

An inverted cone of height 15 cm and base radius 
4 cm contains water to a depth of 10 cm. Calculate 
the volume of water in the cone. 

An inverted cone of height 12 cm and base radius 
6 cm contains 20 cm? of water. Calculate the depth 
of water in the cone, measured from the vertex. 

А frustrum 15 a cone with “һе end chopped off'. A 
bucket in the shape of a frustrum as shown has 
diameters of 10 cm and 4 cm at its ends and a 
depth of 3 cm. Calculate the volume of the 
bucket. 


10 cm > 


3 cm 


——> 
4 ст 


Find the volume of a frustrum with end diameters 

of 60 cm and 20 cm and a depth of 40 cm. 

The diagram shows a 

sector of a circle of 

radius 10 cm. 

(a) Find, as a (< 
multiple of тг, СА 
the arc length of 2) 
the sector. 

The straight edges are 

brought together to make a cone. 

Calculate (b) the radius of the base of the cone, 

(c) the vertical height of the cone. 
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35. Calculate the volume of a regular octahedron 36. A sphere passes through the eight corners of a 
whose edges are all 10 cm. cube of side 10 cm. Find the volume of the sphere. 
37. (Harder) Find the volume of a regular tetrahedron 
of side 20 cm. 
38. Find the volume of a regular tetrahedron of side 
35 cm. 


209579 T 


3.6 SURFACE AREA 





We are concerned here with the surface areas of Curved surface area - 7 Х А х 5 
the curved parts of cylinders, spheres and cones. = 204 ст“ 
The areas of the plane faces are easier to find. АРАА of end байв =r S42 = 16т ст? 
(a) Cylinder C —3 ^ Тота surface area = 207 + 167 
Curved surface area = 367 cm? 
= 2итћ. = 113 ст to 3 S.F. 
ћ 
Exercise 9 
(b) Sphere 


Surface area = 47т?. Use 7 on a calculator unless otherwise instructed. 


1. Copy the table and find the quantities marked *. 
(Leave т in your answers.) 





curved total 


solid vertical surface surface 
object radius height area area 
(c) Cone 
Curved surface area | (а) sphere 3 ст " 
= mri (b) cylinder 4 cm 5 ст + 
where / is Ше slant height. (c) cone бет 8ст * 
(d) cylinder 07m 1m * 
(e) sphere 10 т # 
(f) cone 5cm 12cm * 
(g) cylinder 6mm 10mm * 
Example 1 (h) cone 2:1 ст 4-4 ст * 
‚ l (i) sphere 0:01 m * 
Find the total surface area of a solid cone of (j) hemisphere 7 ст * * 
radius 4 cm and vertical height 3 cm. —————————— 
Let the slant height of the 2. Find the radius of a sphere of surface area 34 ст”. 
l 3. Find the slant height of a cone of curved surface 
cone Бе / cm. з . 
area 20 сп“ and radius 3 ст. 
[2 = 32 + 42 4. Find the height of a solid cylinder of radius 1 ст 


and total surface area 28 ст”. 


{= 5. 
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5. Copy the table and find the quantities marked «. 
(Take л = 3.) 
curved total 
vertical surface ^ surface 
object radius height area area 
(a) cylinder 4 cm * 72 ст? 
(b) sphere * 192 ст? 
(с) сопе 4 ст * 60 ст? 
(d) sphere ж 0-48 m? 
(е) cylinder 5 ст ж 330 ст? 
(#) сопе 6 ст ж 225 cm? 
(е) cylinder 2m * 108 m? 


6 


10 


11. 


Part 3 Mensuration 


. А solid wooden cylinder of height 8 cm and radius 


3 cm is cut in two along a vertical axis of 
symmetry. Calculate the total surface area of the 
two pieces. 

. A tin of paint covers a surface area of 60 m? and 
costs 24:50. Find the cost of painting the outside 
surface of a hemispherical dome of radius 50 m. 
(Just the curved part.) 


. А solid cylinder of height 10 cm and radius 4 cm is 


to be plated with material costing £11 рег ст”. 
Find the cost of the plating. 

. Find the volume of a sphere of surface area 

100 ст. 

Find the surface area of a sphere of volume 

28 cm*. 

Calculate the total surface area of the combined 

cone/cylinder/hemisphere. 


» 


5 cm 


«128. -ye Um se 


12. 


13. 


14. 


15. 


A man is determined to spray the entire surface 
of the Earth (including the oceans) with a 
revolutionary new weed killer. If it takes him 

10 seconds to spray 1 m?, how long will it take to 
spray the whole world? 

(radius of the Earth = 6370 km; ignore leap 
years.) 

An inverted cone of vertical height 12 cm and base 
radius 9 cm contains water to a depth of 4 cm. 
Find the area of the interior surface of the cone 
not in contact with the water. 

А circular paper of radius 20 ст is cut in half and 
each half is made into a hollow cone by joining the 
straight edges. Find the slant height and base 
radius of each cone. 

A golf ball has a diameter of 4-1 cm and the 
surface has 150 dimples of radius 2 mm. Calculate 
the total surface area which is exposed to the 
surroundings. (Assume the ‘dimples’ are 
hemispherical.) 


4:1 cm 


dimple of radius 2 mm: 


16. A cone of radius 3 cm and slant height 6 cm is cut 


into four identical pieces. Calculate the total 
surface area of the four pieces. 


REVISION EXERCISE 3A 


1. Find the area of the following shapes: 


(a) (b) _7cm 
7 ст ad 1 
б ст 
7 
8 cm 
(c) 
cm 
5 


11 cm 


b 
(d) 
У A <> 
ст 4 ст 
| | 
10 cm ——9‹п——> 


2. (а) A circle has radius 9 m. Find its circumference 
and area. 
(b) A circle has circumference 34 cm. Find its 
diameter. 
(c) A circle has area 50 cm?. Find its radius. 
. А target consists of concentric circles of radii 3 cm 
and 9 cm. 





(a) Find the area of A, in terms of 7 
. area of B 
(b) Find the ratio SIS OPAC 
. In Figure 1 a circle of radius 4 cm is inscribed in a 
square. In Figure 2 a square is inscribed in a circle 
of radius 4 cm. 
Calculate the shaded area in each díagram. 


10. 


11. 





Fig. 1 


Fig. 2 


5. 


Given that ОА = 10 cm and АОВ = 70? (where О 
is the centre of the circle), calculate 

(a) the arc length AB 

(b) the area of minor sector AOB. 


. The points X and Y lie on the circumference of a 


circle, of centre O and radius 8 cm, where 

ХОҮ = 80°. Calculate 

(a) the length of the minor arc XY 

(b) the length of the chord XY 

(c) the area of sector XOY 

(d) the area of triangle XOY 

(e) the area of the minor segment of the circle cut 
off by XY. 


. Given that ON = 10 cm and minor arc MN = 


18 cm, calculate the angle MÓN (shown as x?). 


M 


А cylinder of radius 8 cm has a volume of 2 litres. 
Calculate the height of the cylinder. 


. Calculate 


(a) the volume of a sphere of radius 6 cm 
(b) the radius of a sphere whose volume is 

800 cm?. 
А sphere of radius 5 cm is melted down and made 
into a solid cube. Find the length of a side of the 
cube. 
The curved surface area of a solid circular cylinder 
of height 8 cm is 100 ст“. Calculate the volume of 
the cylinder. 
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12. 


13 


14 


15. 


16. 


17. 


Part 3 Mensuration 


А cone has base radius 5 cm and vertical height 
10 cm, correct to the nearest cm. Calculate the 
maximum and minimum possible volumes of the 
cone, consistent with this data. 
Calculate the radius of a hemispherical solid 
whose total surface area is 48г ст”. 
Calculate: 
(a) the area of an equilateral triangle of side 
6 cm. 
(b) the area of a regular hexagon of side 6 cm. 
(c) the volume of a regular hexagonal prism of 
length 10 cm, where the side of the hexagon is 
12 cm. 
Ten spheres of radius 1 cm are immersed in liquid 
contained in a vertical cylinder of radius 6 cm. 
Calculate the rise in the level of the liquid in the 
cylinder. 
A cube of side 10 cm is melted down and made 
into ten identical spheres. Calculate the surface 
area of one of the spheres. 
The square has sides of length 3 cm and the arcs 
have centres at the corners. Find the shaded area. 


3 ст 





EXAMINATION EXERCISE 3B 


18. A copper pipe has external diameter 18 mm and 


thickness 2 mm. The density of copper is 9 g/cm? 
and the price of copper is £150 per tonne. What is 
the cost of the copper in a length of 5 m of this 


pipe? 


19. Twenty-seven small wooden cubes fit exactly 


20 


inside a cubical box without a lid. How many of 
the cubes are touching the sides or the bottom of 
the box? 

In the diagram the area of the smaller square is 
10 cm?. Find the area of the larger square. 


FS" 








F Calculate 


1. The diagram shows a square garden of side 14 m. E, F, G and H are the 
В mid-points of AB, BC, CD and DA respectively and EF, ЕС, ОН and НЕ 
are arcs of a circle of radius 7 m. 

The middle section of the garden is to be grassed as a lawn and the four side 
sections (shown shaded) are to be flower beds. 


(a) the total area of the flower beds [take т as 22 or 3-14], 
(b) the area of the lawn, 
(c) the amount of grass seed needed given that 80 grams of seed are 

lc needed per square metre. (W) 


2. A metal ingot is in the form of a solid cylinder of length 7 cm and radius 3 cm. 


(a) Calculate the volume, in cm’, of the ingot. 

The ingot is to be melted down and used to make cylindrical coins of thickness 

3 mm and radius 12 mm. 

(b) Calculate the volume, in mm’, of each coin. 

(c) Calculate the number of coins which can be made from the ingot, assuming 
that there is no wastage of metal. [М] 


Examination exercise 3B 


3. 
Earth 


. The diagram represents a regular 10-sided figure, centre O, where AO — 6cm. 


50 ст 


100 ст 
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The orbit of the Earth around the Sun is approximately a circle of radius 
1:5 x 108 km. 
(a) Light travels at 3 x 10? km/sec. 
How long does it take for a flash of light from the Sun to reach the Earth? 
(b) Calculate the circumference of the orbit (assumed circular). 
(c) Calculate the speed in km/sec with which the earth travels around the Sun 
given that the time taken is 365: days. [W] 


Calculate, giving all your answers to 3 sig figs, and giving the units: 

(a) the angle AOB 

(b) the length of the perpendicular from O to AB 

(c) the length of AB 

(d) the area of the triangle AOB 

(e) the area of the whole figure. [MEI] 


. The shape of the top of a table in a cafe is shown by the part of the circle, centre 


О, in the diagram. The angle BOD = 90? and ВО = OD = 50 cm. 


The top of the table is made of formica and a thin metal strip is fixed to its 
perimeter. 
(a) Calculate 
(i) the length of the metal strip, 
(1) the area of the formica surface. 
(b) If the table top is to be cut from a square of formica of area 1 m?, what 
percentage of formica is wasted? [S] 


. [In this question take т to be 3-142 and give each answer correct to three 


significant figures.] 

A solid silver sphere has a radius of 0-7 cm. 

(a) Calculate 
(i) the surface area of the sphere, 
(ii) the volume of the sphere. 

(b) A silversmith is asked to make a solid pyramid with a vertical height of 
25 cm and a square base. To make the pyramid, the silversmith has to melt 
down 1000 of the silver spheres. 
Assuming that none of the silver is wasted, calculate the total surface area of 
the pyramid. [M] 


. [In this question you should treat all measurements as exact and give volume 


answers in cm? as a multiple or a fraction of z.] 


A heap of sand is in the shape of a cone. The radius of the base is 100 cm. The 

top portion is removed, leaving an upper circular face parallel to the base and 

50 cm above it. 

(a) State the radius of the upper circular face. 

(b) Find the volume of the original heap of sand. 

(c) Find the ratio of the volume of the portion removed to the volume of the 
original heap, in the form 1:n. [N] 
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8. The shape of an oil-tank is that of a hemisphere of radius 2 m surmounted by a 


circular cylinder, also of radius 2 m whose height is 3 m. 

(a) Calculate the capacity of the tank in cubic metres. 

A tap at the base of the tank controls a cylindrical outflow pipe of radius 4 cm. 
When the tap is open the oil flows down the pipe at an average speed of 1:5 m/s. 
(b) Calculate the average volume of oil discharged per second when the tap is 


open. 
(c) In these circumstances, how many hours will it take to empty a full tank of 
oil? 
Give all answers correct to 3 significant figures. [MEI] 


9. A rectangular block of ice cream measures 80 cm by 40 cm by 20 cm. It is to be 


cut into smaller blocks of the same shape as (i.e., similar to) the original block. 

One possible cut is shown shaded in the diagram, and the resulting block is 

ABCDEFGH. 

(a) State the length of AB. 

(b) State the number of blocks of this new size which can be produced from the 
original block. 

These blocks are further divided into similar blocks each with a longest edge of 

5 cm. 

(c) State the other two dimensions of such a block. 

(d) Calculate how many blocks of this size can be cut from the block 80 cm by 
40 cm by 20 cm. [N] 


10. A mathematical D-I-Y enthusiast plans to re-cover a lampshade of circular 


cross-section. The dimensions of the lampshade are shown in Fig. 4. The fabric is _ 
to be cut from a rectangular piece of material, EFGH, to the pattern shown in 
Fig. 5. The arcs AB and CD are from separate circles with the same centre O 
and each arc subtends the same angle 6 at О. 4 
(a) Using the measurements given in Fig. 4 write down, as a multiple of 7, the 
lengths of 
(i) arc AB, (ii) arc CD. 
(b) Using the measurements given in Fig. 5 write down, in terms of r, 0 and т, 
the lengths of 
(i) arc AB, (ii) arc CD. 
(c) Use the results of (a) and (b) to find 
(i) r, (ii) 8. [L] 


4 Geometry 





Pythagoras (569—500 B.C.) was one of the first of the great 
mathematical names in Greek antiquity. He settled in 
southern Italy and formed a mysterious brotherhood with 
his students who were bound by an oath not to reveal the 
secrets of numbers and who exercised great influence. 
They laid the foundations of arithmetic through geometry 
but failed to resolve the concept of irrational numbers. The 
work of these and others was brought together by Euclid at 
Alexandria in a book called ‘The Elements’ which was still 
studied in English schools as recently as 1900. 





4.1 FUNDAMENTAL RESULTS 





The student should already be familiar with the The angles at a point add up to 360*: 
following results. They are used later in this 
section and àre quoted here for reference. 


The angles on a straight line add up to 180°: 





= 180° а + b + 2 + а = 360° 


(i) The angle sum of a triangle is 180". 
(i) The angle sum of a quadrilateral is 360°. 


N» 


+> + 


м › 
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Exercise 1 


Find the angles marked with letters. (AB is always a straight line.) 


d 
412 402 140° 132° 55° 
96° 





4.1 Fundamental results 


23. Calculate the largest angle of a triangle in which 
one angle is eight times each of the others. 

24. In A ABC, A is a right angle and D is a point on 
AC such that BD bisects В. If ВОС = 100°, 
calculate C. 

25. WXYZ is a quadrilateral in which W = 108°, 

R = 88°, % = 57° and WEZ = 31°. Calculate WZX 
and XZY. 

26. In quadrilateral ABCD, AB produced is 
perpendicular to DC produced. If A = 44? and 
С = 148", calculate D and В. 

27. Triangles ABD, CBD and ADC are all isosceles. 
Find the angle x. 


C 


Polygons 


(i) The exterior angles of a polygon add up to 
360° (â + b + 6 + а + ê = 360°) 





(ii) The sum of the ihterior angles of a polygon 
is (2n — 4) x 90? where n is the number of 
sides of the polygon. 

This result is investigated in question 3 in the 
next exercise. 


Example 1 


Find the angles marked 
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The sum of the interior angles = (2n — 4) x 90° 
where 7 is the number of sides of the polygon. 


In this case 5 = б. 


110 + 120 + 94 + 114 + 2t = (2 x 6 4) x 90 


438 + 2t = 720 
2t = 282 
t= 141° 


Exercise 2 


1. Find angles a and б for the regular pentagon 


below. 








. Consider the pentagon below which has been 


divided into three triangles. 


та C 
A=at+f+g,B=b A 2 “\ 
C=c+d, б=е+і NL D 
E 


E=h 
Now atb+c=H=dt+etf=gtht+i= 180". 
A+B+€+D+E=a+bt+ct+dtetft+gthti 
= 3 x 180° 
= 6 x 90° 
Draw further polygons and make a table of 
results. 


Number of sides п 5 6 "am m. 
Sum of interior angles | 6 x 909 


What is the sum of the interior angles for a 
polygon with л sides? 
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4. Find a. 





S. Find m. 





6. Find a. 





7. Calculate the number of sides of a regular polygon 
whose interior angles are each 156”. 

8. Calculate the number of sides of a regular polygon 
whose interior angles are each 150°. 

9. Calculate the number of sides of a regular polygon 
whose exterior angles are each 40°. 

10. In a regular polygon each interior angle is 140° 
greater than each exterior angle. 

11. In a regular polygon each interior angle is 120" 
greater than each exterior angle. Calculate the 
number of sides of the polygon. 

12. Two sides of a regular 


pentagon are produced to j 
form angle x. >” á 
What is x? „7 

ама S 


Parallel lines 


(ii) ĉ = (alternate angles) 
(iii) 5 + с = 180° (allied angles) 


Remember: ‘The acute angles are the same and 
the obtuse angles are the same.’ 


(i) а=< (corresponding angles) 


Exercise 3 
In questions 1 to 9 find the angles marked. 





112? 
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42 PYTHAGORAS' THEOREM 





In a right-angled triangle Exercise 4 
the square on the 


In questions 110 10, find x. АП the lengths are in cm. 
hypotenuse is equal to 


the sum of the squares — , с 5 A ~ 
on the other two sides. 

а? + Б? = с? 

х 8 9 
n 8 
Example 1 
Find the side marked d. 
4 cm 6 
3. x 4. 7 
а 
7 ст 
5 6 7 
x 
4? + 4? = 7 
d? = 49 – 16 


d = V33 = 5:74 ст (3 s.F.) 


The converse is also true: 

‘If the square on one side of a triangle is equal to 
the sum of the squares on the other two sides, 
then the triangle is right-angled.’ 
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3 
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Part 4 Geometry 


(AB - AC) 
7. 
8 
4 2 
8. 9. 
X 8 
10. 4(х + 2) 


(x + 3) 


25 


11. Find the length of a diagonal of a rectangle of 
length 9 cm and width 4 cm. 

12. A square has diagonals of length 10 cm. 
Find the sides of the square. 


13. A 4 m ladder rests against a vertical wall with its 


foot 2 m from the wall. How far up the wall does 
the ladder reach? 


14. A ship sails 20 km due North and then 35 km due 


East. How far is it from its starting point? 


15. Find the length of a diagonal of a rectangular box 


of length 12 cm, width 5 cm and height 4 cm. 
16. Find the length of a diagonal of a rectangular 
room of length 5 m, width 3 m and height 2-5 m. 
17. Find the height of a rectangular box of length 


8 cm, width 6 cm where the length of a diagonal is 


11 cm. 
18. An aircraft flies equal distances South-East and 


then South-West to finish 120 km due South of its 


starting-point. How long is each part of its 
journey? 


19. The diagonal of a rectangle exceeds the length by 


20. 


21. 


22 


2 cm. If the width of the rectangle is 10 cm, find 
the length. 
A cone has base radius 5 cm and s/ant height 
11 cm. Find its vertical height. 
It is possible to find the sides of a right-angled 
triangle, with lengths which are whole numbers, 
by substituting different values of x into the 
expressions: 
(а) 2x? + 2x + 1 
(b) 2x? + 2х 
(c) 2x *1 
((a) represents the hypotenuse, (b) and (c) the 
other two sides.) 
(i) Find the sides of the triangles when 

х=1,2, 3, 4 and 5. 
(ii) Confirm that 

(2x + 1 + (2x? + 2x)? = (2x? + 2х + 1)? 
The diagram represents the starting position (AB) 
and the finishing position (CD) of a ladder as it 
slips. The ladder is leaning against a vertical wall. 


A 


О В D 


Given: AC = x, OC = АС, BD = АС and 
OB-5m. 

Form an equation in x, find x and hence find the 
length of the ladder. 


. А thin wire of length 18 cm is bent into the shape 


shown. 


Calculate the length from A to B. 


24. An aircraft is vertically above a point which is 


10 km West and 15 km North of a control tower. If 
the aircraft is 4000 m above the ground, how far is 
it from the control tower? 


4.3 SYMMETRY 


(a) Line symmetry 


5. Trapezium 


| one pair of sides аге 
The letter A has one line of parallel. 
symmetry, shown dotted. 


(b) Rotational symmetry 


The shape may be turned 
about O into three identical 
positions. It has rotational 
symmetry of order 3. 


(c) Quadrilaterals 


| 
| 
1. Square 
all sides are equal, all angles 90°, 
opposite sides parallel; diagonals 
bisect at right angles. 


2. Rectangle 


opposite sides parallel and 
equal, all angles 90°, 
diagonals bisect each other. 


3. Parallelogram 
opposite sides parallel 
and equal, opposite 
angles equal, diagonals 
bisect each other (but 
not equal) 


4. Rhombus 


a parallelogram with 
all sides equal, 
diagonals bisect each 
other at right angles 
and bisect angles. 


6. Kite 
two pairs of adjacent 
sides equal, diagonals 
meet at right angles 
bisecting one of them. 
Exercise 5 


1. For each shape state: 
(a) the number of lines of symmetry 
(b) the order of rotational symmetry. 


(b) 


(g) 


A CC 
O | 
X o 
A 

й 
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(m) 





2. Add one line to each of the diagrams below so 
that the resulting figure has rotational symmetry 
but not line symmetry. 


(a) 
3. Draw a hexagon with just two lines of symmetry. 
4. For each of the following shapes, find: 


(a) the number of lines of symmetry 
(b) the order of rotational symmetry. 


square; rectangle; parallelogram; rhombus; 
trapezium; kite; equilateral triangle; regular 
hexagon. 


4.4 SIMILARITY 


Two triangles are similar if they have the same 
angles. 

For other shapes, not only must corresponding 
angles be equal, but also corresponding sides 
must be in the same proportion. 





The two rectangles A and B are по! similar even 
though they have the same angles. 


In questions 5 to 15, begin by drawing a diagram. 


5. Іп a rectangle KLMN, LNM = 34°. Calculate: 
(а) КЕМ (5) KML 
6. In a trapezium ABCD; ABD = 35°, BAD = 110° 
and AB is parallel to DC. Calculate: 
(a) ADB (b) BDC. 
7. In a parallelogram WXYZ, WXY = 72°, 
ZWY = 80°. Calculate: 
(а) У2Ү (b) XWZ (c) WYX 
8. In a kite ABCD, AB= AD; BC=CD; 
САР = 40 and СВО = 60°. Calculate: 


(а) ВАС · (b) ВСА (с) ADC 
9. In a rhombus ABCD, ABC - 649, Calculate: 
(a) BCD (b) ADB (с) ВАС 


10. In a rectangle WXYZ, M is Ше mid-point of WX 
and ZMY = 70°. Calculate: 
(a) MZY (b) YMX 
11. Ina trapezium ABCD, AB is parallel to DC, 
AB = AD, BD = DC and BAD = 128°. Find: 
(a) ABD (b) BDC (c) BCD 
12. In a parallelogram KLMN, KL = KM and 
KML = 64°. Find: 
(а) MRL (b) KNM (c) LMN 
13. In a kite PORS with PQ = PS and RQ= RS, 
QRS = 40° and QPS = 100°, Find: 


(a) OSR (b) PSQ (c) POR 
14. In a rhombus PORS, RPO = 54°. Find: 
(a) PRQ (b) PSR (c) ROS 


15. In a kite PORS, RPS = 2 PRS, PO = OS = PS and 
ОК = RS. Find: 


(a) QPS (0) PRS (с) ОВ (d) POR 


Example 1 


“7 


In the triangles ABC and XYZ 
A-$andB-Y 


so the triangles are similar. (C must be equal to 


2.) 
Wehave = = 55 
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Ехегсве 6 
Find the sides marked with letters in questions 1 to 11; а lengths are given in centimetres 
1. D X 9 
2. 
5 
4 A 
12 15 
ZN 
3 в 
y C 
Z 
3. ^ 4 A 
Q L 
6 m 
у, 
16 6 т £ 
x P 3 R B 9 С 
M 15 N 
B 6 C 





8. С 6 p 9. BÁC - DBC 
4 В 
А 
ó Ра : 
p Ё 
10. 
A n D 2 C 
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11. 





Ү у 7. 


12. The drawing shows a rectangular picture 
16 cm X 8 ст surrounded Бу a border of width 
4 cm. Are the two rectangles similar? 


13. The diagonals of a trapezium ABCD intersect at 


О. AB is parallel to DC, AB + 3 cm and ОС = 
бст. If CO = 4 cm and ОВ = 3 cm, find AO 
and DO. 

14. А tree of height 4 m casts a shadow of length 


6-5 m. Find the height of a house casting a shadow 


26 m long. 

15. Which of the following must be similar to each 
other. 
(a) Two equilateral triangles. 
(b) Two rectangles. 
(c) Two isosceles triangles. 
(d) Two squares. 
(e) Two regular pentagons. 
(f) Two kites. 
(g) Two rhombuses. 
(h) Two circles. 


16. In the diagram ABC = ADB = 90°, AD = p and 


DC =q. 





Ф——— —————— 


(a) Use similar triangles to show that x? = pz 
(b) Find a similar expression for y? 


(c) Add the expressions for x? and y? and hence 


prove Pythagoras' theorem. 


17. In a triangle ABC, a line is drawn parallel to BC 


18. 


to meet AB at D and AC at E. DC and BE meet 
at X. Prove that 
(a) the triangles ADE and ABC are similar 
(b) the triangles DXE and BXC are similar 
AD ЕХ 
(с) AB XB 
From the rectangle ABCD a square is cut off to 
leave rectangle BCEF. 


A Fx B 
1 


р D E C 


Rectangle BCEF is similar to ABCD. Find x and 
hence state the ratio of the sides of rectangle 
ABCD. ABCD is called the Golden Rectangle 
and is an important shape in architecture. 


Congruency 


Two plane figures are congruent if one fits 
exactly on the other. They must be the same size 
and the same shape. 


Exercise 7 


1. Identify pairs of congruent shapes below. 


. Triangle LMN is isosceles with LM = LN; X and Y 


are points on LM, LN respectively such that 
LX = LY. Prove that triangles LMY and LNX are 
congruent. 


. ABCD is a quadrilateral and a line through A 


parallel to BC meets DC at X. И D = C, prove 
that A ADX is isosceles. 


4.4  Similarity 


4. In the diagram, N lies on a side of the square 
ABCD, AM and LC are perpendicular to DN. 
Prove that 


(а) АБМ = LCD (b) AM=LD 
A м B 
А 
Q 
D C 


5. Points L and M on the side YZ of a triangle XYZ 
are drawn so that L is between Y and M. Given 
that XY = XZ and YXL = MEZ, prove that 
ҮГ = MZ. 

6. Squares AMNB and AOPC are drawn on the sides 
of triangle ABC, so that they lie outside the 
triangle. Prove Ша! MC = OB. 

7. In the diagram, LMN = ONM = 90°. P is the mid- 
point of MN, MN = 2ML and ММ = NO. Prove 
that 
(a) the triangles MNL and NOP are congruent 
(b) OPN = LRO 
(с) 100 = 90“. 


M 


"V 
z 


О 


8. РОК is а parallelogram in which Ше bisectors of 
the angles P and Q meet at X. Prove that the angle 
РХО is a right angle. 
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Areas of similar shapes 


W X 


D b С 2. kb Y 


The two rectangles are similar, the ratio of 
corresponding sides being К. 


area of АВСО + ab 
area of WXYZ = Ка. kb = k"ab. 


area WXYZ Жар. p 
area ABCD ab 


This illustrates an important genera! rule for all 
similar shapes: 


If two figures are similar and the ratio of 
corresponding sides is К, then the ratio of their 
areas is А”. 


Note: К is sometimes called the linear scale 
factor. 

This result also applies for the surface areas of 
similar three dimensional objects. 


Example 2 
XY is parallel to BC 





B C 
If the area of AAXY = 4 ст”, find the area of 
A ABC. 


The triangles ABC and AXY are similar. 


Ratio of corresponding sides (А) = 
Ratio of areas (К^?) = $ 


Area of AABC = à х (area of AAXY) 
а Х (4) = 9 cm’. 


ho ~ 
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Example 3 


Two similar triangles have areas of 18 cm? and 
32 cm? respectively. If the base of the smaller 
triangle is 6 cm, find the base of the larger 
triangle. 





А 
А 
6 cm 
| 2) _ 32 _ 16 
Ratio of areas (K^) = 1879 
Ratio of corresponding sides (К) = J (5) 


4 


Base of larger triangle = 6 X ын 8 cm. 


Exercise 8 


In this exercise a number written inside a figure 
represents the area of the shape in ст“. Numbers on 
the outside give linear dimensions in cm. 

In questions 1 to 6 find the unknown area A. In each 
case the shapes are similar. 


1. 
3 ст 
2: 
a 


porre 


6 cm 
uN 
"У [N 








3 cm 2 
№ 10 cm 
20 ст 
5. 
Ни 
16 ст 3 ст 
133 
8 ст 
12 ст 


In questions 7 to 12, find Ше lengths marked for each 
pair of similar shapes. 


7. ё 
4 


эн ZEN 
х 
8. 
6 cm 
y 
2 
ХА 
/\ "A 


3 cm 
4 
= 
5 ст 


8 
е 
Q 
s 


10. 
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16. Given KP = 3 cm, area of AKOP = 2 cm? and 
: area of OPML = 16 cm’, find the length of PM. 
cm 
[5=Х | 
М 
27 ст? L 
= 17. The triangles ABC and EBD are similar (AC and 
DE are not parallel). A 
9 ст If AB = 8 ст, ВЕ = 4 ст 
and the area of 
13. Given AD = 3 cm, AB = 5 cm and area of ADBE = 6 ст“, 
AADE = 6 cm?. find the area of AABC. 
Find: A D 
(a) area of AABC 
(b) area of DECB. 
D E P S s 
18. Given AZ = 3 ст, ZC = 2 ст, МС = 5 ст, 
C 


11. 
12. 


BM = 3 ст. Find: 


А 
B (a) XY 
14. Given XY = 5 cm, МУ = 2 cm and area of (b) YZ Е 
AMYN = 4 ст”. Find: (c) the ratio of 
(a) areaof AXYZ (b) area of MNZX. areas AXY : AYZ X 2 
Х (d) the ratio of 
areas AXY : ABM 
B M C 
19. A floor is covered by 600 tiles which are 10 cm by 
M 10 cm. How many 20 cm by 20 cm tiles are needed 
to cover the same floor? 
20. A wall is covered by 160 tiles which are 15 cm by 
Y N Z 


15 cm. How many 10 cm by 10 cm tiles are needed 
to cover the same wall? 

21. When potatoes are peeled do you lose more peel 
or less when big potatoes are used as opposed to 


^ small ones? 
AN 
B C 


15. Given XY = 2 cm, BC = 3 cm and area of 
XYCB = 10 cm’, find the area of AAXY. 
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Volumes of similar objects 


When solid objects are similar, one is an 
accurate enlargement of the other. 

If two objects are similar and the ratio of 
corresponding sides is k, then the ratio of their 
volumes is K?. 


A line has one dimension, and the scale factor is 
used once. 


An area has two dimensions, and the scale factor 
is used twice. 


A volume has three dimensions, and the scale 
factor is used three times. 


Example 4 


Two similar cylinders have heights of 3 cm and 

6 cm respectively. If the volume of the smaller 

cylinder is 30 cm?, find the volume of the larger 
cylinder. 


ratio of heights (К) в 
(linear scale factor) ? 


= 2 
ratio of volumes (А?) = 2? 
8 
and volume of larger cylinder = 8 x 30 
= 240 ст“. 


Ехатре 5 


Two similar spheres made of Ше same material 
have weights of 32 kg and 108 kg respectively. If 
the radius of the larger sphere is 9 cm, find the 
radius of the smaller sphere. 


We may take the ratio of weights to be the same 
as the ratio of volumes. 
з 32 
ratio of volumes (А?) = 108 
8 
27 


3 
ratio of corresponding lengths (k) = М, (5) 


Radius of smaller sphere = = х 9 


ст, 


ON WIN Wit 


Ехегсве 9 


In this exercise, the objects аге similar and a number 
written inside a figure represents the volume of the 
object in cm?. 

Numbers on the outside give linear dimensions in cm. 
In questions 1 to 8, find the unknown volume V. 


4 сана 
А м 
КЕ | 
5 
10 


2. | Ш 
2 
3. E 
Ч. 
15 


radius << 1-2 ст 





radius = 12 ст 


5. 
SOR 9 


4.4  Similarity 


6. 
88 Ме М 
6.2 3-1 
7. 
) 
8 
12 
8. 
12 
9 


In questions 9 to 14, find the lengths marked by a 
letter. 


9. 


у 270 


16. 


17. 


18. 


19. 


21. 


83 
6 
т 
22 
Л 
е 3 > c d 3 


. Two similar jugs have heights of 4 cm and 6 cm 


respectively. If the capacity of the smaller jug is 
50 ст”, find the capacity of the larger jug. 

Two similar cylindrical tins have base radii of 6 cm 
and 8 cm respectively. If the capacity of the larger 
tin is 252 ст“, find the capacity of the small tin. 
Two solid metal spheres have masses of 5 kg and 
135 kg respectively. If the radius of the smaller 
one is 4 cm, find the radius of the larger one. 

Two similar cones have surface areas in the ratio 
4:9. Find the ratio of: 

(a) their lengths, (b) their volumes. 

The area of the bases of two similar glasses are in 
the ratio 4:25. Find the ratio of their volumes. 


. Two similar solids have volumes V; and У; and 


corresponding sides of length хү and хо. State the 
ratio Vi: V; in terms of x, and хо. 

Two solid spheres have surface areas of 5 cm? and 
45 cm? respectively and the mass of the smaller 
sphere is 2 kg. Find the mass of the larger sphere. 


. The masses of two similar objects are 24 kg and 


81 kg respectively. If the surface area of the larger 
object is 540 cm’, find the surface area of the 
smaller object. 


. A cylindrical can has a circumference of 40 cm and 


a capacity of 4-8 litres. Find the capacity of a 
similar cylinder of circumference 50 cm. 


. A container has a surface area of 5000 cm? and a 


capacity of 12-8 litres. Find the surface area of a 
similar container which has a capacity of 5-4 litres. 
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45 CIRCLE THEOREMS 


(a) The angle subtended at the centre of a circle 
is twice the angle subtended at the 
circumference. 





АОВ =2 x АСВ 

Proof: C 

Draw the straight line COD. Л 

Let АСО = у 

апа ВСО = г. 

А 
В 
In triangle АОС, 
AO + ОС (radii) 
ОСА = ОАС (isosceles triangle) 


СбА = 180 — 2y (angle sum of triangle) 
АОР =2у (angles on a straight 
line) 
Similarly from triangle COB, we find 
DOB = 2z 
Now ACB=y+z 
and АОВ = 2у +22 
АОВ = 2 х ACB as required. 


(b) Angles subtended by an arc іп Ше same 
segment of a circle are equal. 


Y 


АХВ = АУВ = AZB 


Example 1 


Given ABO = 50°, 
find BCA. 





Triangle OBA is isosceles (ОА + OB). 
ОАВ = 50? 
BOA - 80? (angle sum of a triangle) 
BCA - 40? (angle at the centre) 


Example 2 


Given ВОС - 622 
апа DCA - 449, 
find ВАС and ABD. 


D 

MN 
62° 
^" 


$7, 


В 
ВОС = ВАС (both subtended by arc BC) 
ВАС = 62? | 


ОСА - ABD (both subtended by arc DA) 
ABD - 44*. 
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14. 15. 





(c) The opposite angles in a cyclic quadrilateral 
add up to 1807 (the angles are 





supplementary). Б 
С 
А 
В ~ ~ 
А + С = 180° 
В + Б = 180 
Proof: D 
Draw radii OA and OC. ИУ 
Let АБС=х 
and ABC - y. 


AOC obtuse = 2х (angle at the centre) 
АОС reflex = 2y (angle at the centre) 
2x + 2y = 360? (angles at a point) 
х + у = 180? as required. 


(d) The angle in a semi-circle is a right angle. 


In the diagram, 
AB is a diameter. 


ACB = 90°. 











С 16. 
5 
2 
В 
Example 3 
Find a and x. 
а = 180? — 81° (opposite angles of a cyclic 
quadrilateral) 
a = 99° 
x + 2x = 180° (opposite angles of a cyclic 
quadrilateral) 
3x = 180° 
x = 60° 
Example 4 
Find 5. 





ACB = 90° (angle in a semi-circle) 


b = 180° — (90 + 37)° 
= 53°, 
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Tangents to circles 


(a) The angle between a tangent and the radius 
drawn to the point of contact is 907. 


ABO = 90° 


А В С 


(b) From any point outside a circle just two 
tangents to the circle may be drawn and they 
are of equal length. 


TA - TB 


(c) Alternate segment theorem. 
The angle between a tangent and a chord 
through the point of contact is equal to the 
angle subtended by the chord in the 
alternate segment. 


TAB - BCA 
and SAC=CBA 


C 


Example 1 


A 
T 
C 
SN < 

ТА and TB are tangents to Ше circle, centre O. 
Given ATB = 50°, find 
(a) ABT 
(b) OBA 
(с) ACB 


мэн АТВА is isosceles (ТА = TB) 
АВТ =} (180 - 50) = 65° 


(b) ОВТ = 90° (tangent and radius) 


OBA - 90 — 65 
= 25? 
(c) ACB - ABT (alternate segment 
theorem) 
АСВ = 65°. 
Exercise 12 


For questions 1 to 12, find the angles marked with a 
letter. 


1. 





4.5 Circle theorems 
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14. Find, in terms of p, 
(а) ВАС (9) XCA (c) ACO 





16. Given that KL = LN, LP bisects KLN and 
МЁМ =a 
(a) prove that AKLO is isosceles 
(b) find LOM and ГМО in terms of a. 





17. Show that: 
(a YWX = УУТ, 
(b) the triangles VWZ and YWX are similar 
(с) VW.WX= YW. WZ. 


у W 


18. Given that BOC is a diameter and that 
ADC = 90°, prove that AC bisects BCD. 





19. The angles of a triangle are 50°, 60° and 70°, 
and a circle touches the sides at A, B, C. 
Calculate the angles of triangle ABC. 

20. The tangents at A and В опа circle intersect 
at T, and C is any point on the major arc 
AB. 

(a) If ATB = 52°, calculate ACB. 
(b) If ACB =x, find ATB in terms of x. 

21. Line ATB touches a circle at T and TC is a 
diameter. AC and BC cut the circle at D and E 
respectively. Prove that the quadrilateral ADEB 
is cyclic. 

22. Two circles touch externally at T. A chord of the 
first circle XY is produced and touches the other 
at Z. The chord ZT of the second circle, when 
produced, cuts the first circle at W. Prove that 


XTW = YTZ. 


Intersecting chords theorem 


С B 
^ D 
АХ.ВХ =CX.DX 
Proof: 
In triangles AXC and BXD: 


ACX = DBX (same segment) 
CAX = BDX (same segment) 


г. the triangles АХС and BXD are similar. 
АХ CX 
DX BX 


or AX.BX=CX.DX 


4.6 Constructions and loci 


Exercise 13 


1. Draw several circles with intersecting chords and 
confirm that AX. XB = DX. XC 


3. Find x. 


TN 


2. Find x. 


x 


4.6 CONSTRUCTIONS AND LOCI 


When the word ‘construct’ 15 used, the diagram 
in question should be drawn using ruler and 
compasses only. 

Three basic constructions are shown below. 


(a) Perpendicular bisector of a line joining two 
points. 


(b) Bisector of an angle. 
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4. In Ше diagram АВ is a diameter of the circle which 


bisects chord CD. XB =2 cm and СО = 12 cm. 
Find the radius of the circle. 


A 


B 


5. Show that the triangles ATC and BTC are 


similar. Hence show that АТ. BT = CT?. 


А 


T С 


This is Ше secant/tangent theorem. 


(c) 60? angle construction. 


60* 


Exercise 14 


1: 


Construct a triangle ABC in which AB - 8 cm, 
AC = 6 cm and BC = 5 cm. Measure the angle 
ACB 


. Construct a triangle POR in which РО = 10 cm, 


PR = 7 cm and КО = 6 cm. Measure the angle 
RPQ. 


. Construct an equilateral triangle of side 7 cm. 
. Draw а line AB of length 10 cm. Construct the 


perpendicular bisector of AB. 


. Draw two lines AB and AC of length 8 cm, where 


BAC is approximately 40°. Construct the line 
which bisects BAC. 


. Draw а line AB of length 12 cm and draw a point 


X approximately 6 cm above the middle of the 
line. Construct the line through X which is 
perpendicular to AB. 
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7. 


8. 


(а) 





10. 


1. 


12. 


13. 


14. 


Part 4 Geometry 


Construct an equilateral triangle ABC of side 

9 cm. Construct a line through A to meet BC at 
90° at the point D. Measure the length AD. 
Construct the triangles shown and measure the 
length x. 


(b) 





X 
6 cm 
C 
Sem 10 cm 
. (a) Construct a triangle ABC in which 


AB = 8 ст АС = 6 cm and ВС = 5 cm. 

(b) Construct the perpendicular bisectors of АВ 
and AC and hence construct the circumcircle 
of triangle ABC. 

(a) Construct a triangle XYZ in which 
XZ = 10 cm, XY = 8 cm and YZ = 7 cm. 

(b) Construct the circumcircle of triangle XYZ 
and measure the radius of the circle. 


(a) Construct a triangle POR in which 
РО = И cm, РК = 9 cm and КО =7 cm. 
(b) Construct the bisectors of angles OPR and 
КОР and hence draw the inscribed circle of 
triangle POR. 


(a) Construct a triangle XYZ in which 
ХУ = 10 ст, XZ = 9 cm and YZ = 8 ст. 

(b) Construct the inscribed circle of triangle 
XYZ. 

(c) Construct the circumscribed circle of triangle 
XYZ. 


Construct a parallelogram WXYZ in which 

WX = 10 ст, WZ = 6 cm and XWZ = 60°. 

By construction, find the point A that lies on ZY 
and is equidistant from lines WZ and WX. 
Measure the length WA. 


(a) Draw a line ОХ = 10 cm and construct ап 
angle XOY = 60°. 

(b) Bisect the angle XOY and mark a point A on 
the bisector so that OA + 7 cm. 

(c) Construct a circle with centre А to touch OX 
and OY and measure the radius of the circle. 


15. 


16. 


(a) Construct a triangle POR with PQ = 8 cm, 
PR = 12 cm and POR = 90°. | 

(b) Construct the bisector of QPR. 

(c) Construct the perpendicular bisector of PR 
and mark the point X where this line meets 
Ше bisector of ОРК. 

(d) Measure the length PX. 

(a) Construct a triangle ABC in which 
AB = 8 ст, АС = 6 ст and ВС =9 cm. 

(b) Construct the bisector of ВАС. 

(c) Construct the line through C perpendicular to 
CA and mark the point X where this line 
meets the bisector of ВАС. 

(d) Measure the lengths CX and AX. 


17. AD is an altitude of triangle ABC. 


18. 


19. 


A 


C D B 


Draw any triangle and construct the three 
altitudes. They should all pass through a single 
point. 

Draw four lines so that they form four triangles as 
in the diagram. 


Construct the circumcircle of each of the four 
triangles to demonstrate Wallace's theorem that 
the four circles always pass through one point. 
Leonard Euler found the formula 4rRs — abc 
where a, b and c are the sides of any triangle, 

r is the radius of the inscribed circle, R is the 
radius of the circumscribed circle and s is the 
semi-perimeter [3 (a + b + c)]. Draw any triangle 
and find r and R by suitable construction. Confirm 
(or disprove) Euler's formula. 


4.7 Nets 


The locus of a point 


The locus of a point is the path which it describes 
as it moves. 


Example 1 


Draw a line AB of length 8 cm. 
Construct the locus of a point P which moves so 
that ВАР = 90°. 


Р is anywhere on this line. 


Construct the perpendicular at A. 
This line is the locus of P. 


Exercise 15 


1. Draw a line XY of length 10 cm. Construct the 

locus of a point which is equidistant from X and 

Y. | 

2. Draw two lines AB and AC of length 8 cm, where 
BAC is approximately 70°. Construct the locus of 
a point which is equidistant from the lines AB and 
AC. 


4.7 NETS 


If the cube below was made of cardboard, and 
you cut along some of the edges and laid it out 
flat, you would have the net of the cube. 
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3. Draw a circle, centre O, of radius 5 cm and draw a 
radius OA. Construct the locus of a point P which 
moves so that ОАР = 90°. 

4. Draw a line AB of length 10 cm and construct the 
circle with diameter AB. Indicate the locus of a 
point P which moves so that APB = 90°. 

5. Construct triangle ABP where АВ = 8 ст, 

ABP = 45° and ВАР = 60°. Measure APB. 
Construct the locus of a point X which moves so 
that АХВ = 75°. (Hint: construct the circumcircle 
of AABP.) 

6. (a) Construct a triangle POR where PQ = 10 cm, 

QPR = 30? and РОК = 90. 
(b) Construct the locus of a point X which moves 
so that РХО = 60°. 

7. Construct a triangle POR with PQ < 10 cm, 

QPR = 30° and РОК = 60°. Construct the locus of 
а point X such that РХО = 90”. 
8. (a) Draw a line AB 8 cm in length and construct 
the segment of a circle to contain an angle of 
45“. 

(b) Construct a line through А to cut Ше segment 
of the circle such that it makes an angle of 60? 
with AB. 

(c) Hence draw triangle ABC with AB — 8 cm, 
BAC = 60° and АСВ = 45", 

(d) Measure and state the length BC. 


Exercise 16 


1. Which of the nets below can be used to make a 


cube? 
(a) (b) 
(c) (d) 


ЕЕН 
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2. The diagram shows the net of a closed rectangular 
box. All lengths are in cm. 





(a) Find the lengths a, x, y 
(b) Calculate the volume of the box. 

3. The diagram shows the net of a pyramid. The base 
in shaded. The lengths are in cm. 


ОЛАУ) 
КАНА 





d 


(a) Find the lengths a, b, c, d 
(b) Find the volume of the pyramid. 


REVISION EXERCISE 4A 


1. ABCD is a parallelogram and AE bisects angle А. 
Prove that DE - BC. 


ш 


А 


D E C 


2. In a triangle POR, POR = 50? and point X lies on 
PQ such ОХ = XR. Calculate ОХЕ. 
3. (a) ABCDEF is a regular hexagon. Calculate 
FDE. 
(b ABCDEFGH is a regular eight-sided 
polygon. Calculate AGH. 
(c) Each interior angle of a regular polygon 


measures 150°. How many sides has the polygon? 


. The diagram shows the net of a prism. 





(a) Find the area of one of the triangular faces 
(shown shaded). 
(b) Find the volume of the prism. 


. This is the net of a square-based pyramid. 





What are the lengths a, b, c, x, y? 


. Sketch nets for the following 


(a) Closed rectangular box 7 cm X 9 cm X 5 cm. 

(b) Closed cylinder: length 10 cm, radius 6 cm. 

(c) Prism of length 12 cm, cross-section an 
equilateral triangle of side 4 cm. 


. In the quadrilateral PORS, РО = QS = OR, PS is 


parallel to QR and ORS = 70°. Calculate 
(a) ROS : 
(b) POS. 
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Revision exercise 4А 


5. Find x. х 


3 ст 


5 ст 


6. In the triangle ABC, AB = 7 cm, BC = 8 cm and 
ABC - 90*. Point P lies inside the triangle such 
that BP = РС = 5 cm. Calculate 
(i) the perpendicular distance from P to BC 
(ii) the length AP. 

7. In triangle POR the bisector of PÓR meets PR at 
S and the point T lies on PQ such that ST is 
parallel to RQ. 

(a) Prove that QT = TS 

(b) Prove that the triangles PTS and POR are 
similar 

(c) Given that РТ = 5 cm and ТО = 2 cm, 
calculate the length of QR. 

8. In the quadrilateral ABCD, AB is parallel to DC 
and DAB = ОВС. 

(a) Prove that the triangles ABD and DBC are 
similar. 

(b) If AB = 4 cm and ОС = 9 cm, calculate the 
length of BD. 


9. A rectangle 11 cm by 6 cm is similar to a rectangle 


2 cm by x cm. Find the two possible values of x. 

10. In the diagram, triangles ABC and EBD are 
similar but DE is лог parallel to AC. Given that 
AD = 5 ст, ОВ = 3 ст and BE = 4 cm, calculate 
the length of BC. 


A 


Di 


Е С 


11. The radii of two spheres are in the ratio 2:5. The 
volume of the smaller sphere is 16 cm?. Calculate 
the volume of the larger sphere. 
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12. The surface areas of two similar jugs are 50 cm? 


13. 


14. 


15. 


16. 


17. 


and 450 cm? respectively. 

(a) If the height of the larger jug is 10 cm, find 
the height of the smaller jug. 

(b) If the volume of the smaller jug is 60 cm’, find 
the volume of the larger jug. 

A car is an enlargement of a model, the scale 

factor being 10. 

(a) If the windscreen of the model has an area of 
100 cm?, find the area of the windscreen on 
the actual car (answer in m?). 

(b) If the capacity of the boot of the car is 1 т", 
find the capacity of the boot on the model 
(answer in cm’). 

Find the angles marked with letters. (O is the 

centre of the circle.) 


(a) (b) 





ABCD is a cyclic quadrilateral in which AB = BC 

and ABC = 70°. AD produced meets BC 

produced at the point P, where APB = 30°. 

Calculate 

(a) ADB (b) ABD. 

Using ruler and compasses only, 

(a) Construct the triangle ABC in which 
АВ = 7 cm, ВС = 5 ст and АС = 6 cm. 

(b) Construct Ше circle which passes through А, 
B and C and measure the radius of this circle. 

Construct: 

(a) the triangle XYZ in which XY = 10 ст, 
YZ = 11 cm and XZ = 9 cm. 

(b) the locus of points, inside the triangle, which 
are equidistant from the lines XZ and YZ. 

(c) the locus of points which are equidistant from 
Y and 7. 

(d) the circle which touches YZ at its mid-point 
and also touches XZ. 
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EXAMINATION EXERCISE 4B 





1. О is the centre of the circle, angle CDE = 24° and angle BCA = 47°. Find 


(a) angle EAC, (b) angle CBE. [L| 


. The diagram shows the net of a cube of edge 10 cm. The net is folded to make 


the cube. 
(a) How many edges has the cube? 
(b) (1) Which line will come together with the line AK? 
(ii) Which line will come together with the line BC? 
(iii) Which points will come together with the point B? 
(c) Find the shortest distance on the cube between 
(i) P and E, (ii) C and N. [M] 


. ABCD is a cyclic quadrilateral in which ZDAC = 48°, Z ACD = 32°, and 


Z АРВ = 53°. Calculate the size of / ВАС. [N] 


. The diagram above a rectangular area of sea, ABCD, measuring 800 m by 


400 m. It is known that a submarine is inside the rectangle, more than 600 m 
from B and closer to AD than DC. 
Indicate clearly and accurately, the region in which the submarine must be. [M] 


. А cuboid measures 10 cm by 8 cm by 6 cm. 


(a) Using a scale of 1 cm to represent 2 cm, 
draw an accurate net which could be folded to 
make the cuboid. 


(b) (i) Find the area of the net on your graph paper. 
(ii) Find the total surface area of the cuboid. 

(c) What is the minimum size rectangle of card you would need if you wanted to 
make two of the cuboids? [S] 


‚ In the diagram, triangle OAB is equilateral, triangle OBC is right-angled and О 


is the centre of the circle through A, B, and C. 

Calculate the angles 

(a) AOB 

(b) ACB 

(c) ACO [NI] 


| 
Ич 


Examination exercise 4B 


7. 


ur 3 
9. 


К 
M 


10. 
27. 
x 


11. 


12. 
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Z АВЕ = ZACD = 90°. 
АС = 4.00 m, BC = 2:50 m, CD = 3:00 m. 
Calculate BE. [L] 


A sealed hollow cone with vertex downwards is partially filled with water. The 
volume of water is 200 ст? and the depth of the water is 50 mm. Find the 
volume of the water which must be added to increase the depth to 70 mm. [МП 


Two bottles of sauce of circular cross section are completely similar in every 

respect. One is 24 cm high and the other is 36 cm. 

(a) Calculate the diameter of the outside base of the smaller bottle given that 
the corresponding diameter of the larger is 6 cm. 

(b) The smaller bottle can hold 256 cm? of sauce. Calculate the volume of sauce 
that the larger bottle can hold. 

(c) Twelve of the larger bottles are placed as four rows of three bottles in a 
rectangular box. If there is no room for the bottles to move in the box, 
calculate the area of cardboard needed to make a closed box. 

(d) What area is needed to make a smaller box for twelve small bottles packed 
in the same way? [W] 


The following sets of whole numbers represent the lengths of the sides of right- 
angled triangles: 


5,4,3: 13, 12,5: 25, 24, 7. 


(a) Taking x + 1 for the longest side and x for the next side write down ап 
expression for the length of the third side and simplify it. 

(b) Use your result to construct the next two sets of numbers in the sequence 
started above. [M] 


A, B, C and D are four points on the circumference of a circle and AD is 
parallel to BC. Prove, showing each step clearly and giving reasons, that 

(a DAC=ADB 

(b) BAD = ADC [W] 


А field is in the shape of a quadrilateral ABCD with AB = 80 m, ВС = 70 m and 

CD = 110 m. Angle ABC = 80° and the angle BCD = 120°. 

Using a scale of 1 cm to represent 10 m make an accurate scale drawing of the 

field. 

(a) Use your scale drawing to find the length of the side DA. 

(b) A tree is at the point of intersection of the bisector of the angle CDA and 
the perpendicular bisector of the side BC. Using only ruler and compass 
construct and indicate the position of the tree. 

(c) Find the distance of the tree from the corner B of the field. [N] 


5 Algebra 2 








5.1 ALGEBRAIC FRACTIONS 


Girolamo Cardan (1501—1576) was a colourful character 
who became Professor of Mathematics at Milan. As well as 
being a distinguished academic, he was an astrologer, a 
physician, a gambler and a heretic, yet he received a 
pension from the Pope: His mathématical genius enabled 
him to open up the general theory of cubic and quartic. 
equations, although a method for solving cubic equations 
which he claimed as his own was pirated from Niccolo 
Tartaglia. | 





Simplifying fractions 


Example 1 
2027 За Зу + y? 
Simplify: (a) zc; (b) 542 (с) бу 
3 8Х4 
(а) 6 8х7 
„дй 
7 
За | Зхӣ 
(b) 542 5xaxjf 
-2 
Ša 
с) 26:5 Зу 


Exercise 1 


Simplify as far as possible, where you can. 











2 
ке 3 — g 2E 
35 96 y 
8x? 2x 
"а | QE 
2y à ox е ду 
2 
7. € в, 240 g 
3y 10b 12ab 
7a°b (2a)? 7yx 
0:5 акан ра 
: 35ab* Ч 44 " 8ху 
5x +2х? Ox +3 25 + 7 
13. т 14. 3x 15. 25 
4а + 5а? 3x Sab 
16. ——— . = 
Sa 5 Ах — х? ш 15а + 104? 
+ 
19. 5х +4 20. 12x + 6 21. 5x + 10у 
8x 6y 15ху 
ND 2 2... 
22. 18a up 23. 4ab + Ва 24. (2х) — 8х 
ба 2ab Ax 


5.1 Algebraic fractions 











Example 2 
Simplify: 
x? +х-6 _(x-2) +3) _х—2 
(а) x? + 25-3 (Ж +=З)(х1) x-1 
х°+3х—10_(х—2)(х+5)_х+5 
(0) “= G(x 42) x*2 
Example 3 
‚ х+3_. , 
Write —— without the fractions. 
xti | 


Multiply ‘top’ and ‘bottom’ by 6. 
6(х +з) 6x43 | 


M^ G(x-i) 6x42 


Exercise 2 


Simplify as far as possible. 





























i х? + 2x 2 х? — 3x 
' x? — 3x "х?-2х-3 
3 х? + 4x 4 х? + 6х + 5 
° 2x? — 10x ' x-x-2 
5 x^— 4x — 21 6 х?+7х + 10 
"х2-5х- 14 '" x^—-4 
| 1 
xy 4+ 
7. 8. = 
5 2 
2x —1! 21 
9. “Эр 10. == 
x 2 
3x +3 1-х 
п. === 12. 35 
4 3 
3x -1 X+3 
13. == м. = 
x-3 
3x +} х-3 
15. 16. 
х += х-2 


Addition and subtraction of algebraic 


fractions 


Example 4 

Write as a single fraction: 
223272 

(а) 3*4 (b) Ху 


Compare these two workings line for line 
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(а) 2+3; the L.C.M. of 3 and 4 is 12. 


























10. 


12. 


14. 


16. 


18. 


20. 


22. 


30. 


эм е тие ule 
EOS 
х (25) 


+ 
AI ~, 


и 
+ 
сх і 


+ 


al SI- 


^ aJ [ы 
+ 


|» 2, 
WIth 


~ + 
г”. 
gm 


- 
~ 

+ 
~ 





+ 


~ 
+ о 
n 
| 
NR 
++ 
— 





о 





маша 
| | 
кә “|+ 
+ үний, 
~ P oS 
~ 
о | + 
bo 


| 
о, 





~ 
+ 
- 
~ 
> + 
г 


|^ 
| 





2,3 8 9 
34 12 12 
_ 17 
12 
2.3 : 
(b) PUE the L.C.M. of x and y is xy. 
2,3 2y Зх 
X у ху xy 
_ 2у + 3x 
Xy 
Exercise 3 
Simplify the following. 
2 1 
1. 5+5 
‚2+! 
х х 
х 3х 
5257 
5 1 
7. 3+4 
5 1 
7 8x 4x 
2x х 
11. 3 + 
3 2 
13. 4*5 
3 2 
15. ax 5x 
àx 2x 
17. 4 3 
x х+1 
19. 2 + 3 
2х-1 х43 
21. 5 4 2 
х-3 (х-2 
23. 3 
1 2 
25. tyi 
5 3 
Пато 6 
2 5 
DIS 29 


~ 
) 
~ 
~ 
+ 
— 
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52 CHANGING THE SUBJECT OF A FORMULA 


The operations involved in solving ordinary 
linear equations are exactly the same as the 
operations required in changing the subject of a 


formula. 


Example 1 


(a) Solve the equation 3x + 1 = 12. 
(b) Make x the subject of the formula 
Mx + B = A. 


(a) 3x+1=12 
Зх= 12-1 


(b) Mx+B=A 
Мх-А-В 
А-В 
М 





х- 


Example 2 


(a) Solve Ше equation 3(y — 2) = 5. 
(b) Make y the subject of the formula 
х(у-а) же. 
(а) 3(y -2)75 
Зу-6+5 
Зу 


y 


(b) x(y—a) =e 
ху—ха=е 
хуже+ ха 
|. ect xa 
7х 


- — 
= р 


| 


Exercise 4 


Make x Ше subject of the following: 


1. 2x 2 5 2. 7x = 21 

3. Ах = В 4. Nx T 

5 Мх-К 6. ху-4 

7. Вх = С 8. 4x =D 

9. Oy Т+ М 10. Ax В – К 
11. Cr=R+T 12. Lx = № – R? 
13. К-52 = Nx 14. х+ $527 


15. x +10 = 3 
17. х+ В = 5 
19. М=х + В 
21. М +х= Т 
23. 2+х= R-S 
25. x - R- A 
27. Е=х- B 
29. x-D=A+B 


‚х+А=Т 
· М=х+р 
‚ Г=х+ D? 
~~ L+x=N4+M 
‚х-5=2 
‚х-А=Е 
28. 
. 30. 


Е? = х – В? 
х-Е= А? 


Make y Ше subject of the following: 


31. L-y- B 
33. Зу + 1=7 
35. Ау+ CN 
37. Пу+ Е + Е 
39. Yy - Z- T 


41. Vy -m- О 
43. gytn=s-t 
45. У?у+Ь=с 
47. 5 = ту + d 
49. ј = ту + с 


51. 3(у – 1) = 5 
53. D(y + Е) = Е 
55, b(y- 4) =4 
57. t(y- 4) =ђ 
59. г= v(y— d) 


Example 3 


(a) Solve the equation 


32. 
34. 
36. 
38. 
40. 


42. 
„пу- 8? =t 
.r-ny-6 

. t2my-b 

. 2(у + 1)=6 

. А(у+ В) + С 
‚ й(у+и) =а 
~n=r(y tt) 
~z=S(yt+t) 

· g=m(ytn) 


За + 1 
2 


N=y-T 
гу—4=5 
By+D=L 
Му-Е-Н 
Ку—1=В 


у—т=п+а 


=4. 


(b) Make а the subject of the formula 


па + Б _ 


Example 4 


(5) 


na + b 
——=л 
т 
na + b = тп 
па = тп — Б 
тп b 
п 


а = 


Make a Ше subject of Ше formula 


X — па = y. 


Make Ше “а” term positive 


х= y- na 
х-ужпа 


== 
"i 


5.2 Changing the subject of a formula 


Exercise 5 


Make a the subject. 
1. 


3. 


11. 
13. 
15. 


17. 


45 — — 
dj. === 
45. -д = 
47. 


49. 


zin |[> AIS 
| EP 
у t 


5 
| 
~ 





| 4 


a 
>, 











3 








30,00 x 
| 
PPP: 


Sy 

DE e 
PES, | 
Hue 3m? 
- © 


ч 

| 
< 
~ 
A 


10. 


12. 


14. ----- 


16. шээс 


18. 


46. 


48. 


50. 


из ~, ~ 
| | 


> © wyls WIS 
| || || || 
> {|а ЭС ы 














& 
| 


MER 
! | | | 
OE e 
мои 
у A 
rum 


= 
S 


| 

== > 
| | 
5 || 
а 56 








Example 5 
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(a) Solve Ше equation “= 7. 


(b) Make г Ше subject of the formula = = К. 


(a) 5 


4< 72 


~ + 
| 


2 


Example 6 


(b) 2-4 


= kz 


=> 


зан 


Make t Ше subject of the formula 2 +m=a. 


(a-m) 


X 


~ mle 


Exercise 6 


Make a the subject. 
1. 


3. 


11. 
13. 
15. 
17. 
19. 
21. 
23. 


25. 


Im 


ee в |= = |5) 5 


Ri< 5 


а 


бу 


= 
4+ 


~ 
w +» 





= 
< + 





БЯ 
| 


Ыз 
5 


~ 
|| 


Гэ ч 


|| 
t3 





o 
| 
R 


ша-т 
= (a—m)t 


t 


10. 


12. 


14. 


16. 


18. 


20. 


22. 


26. 


ва 
pou P" 
ais ox > 


15 


= sin 20° 


|> aliw 2 
|| || 
> [3 ~ |< to |t x 


|| 


Fle ® |~ с 


м 





|| 
UJ 


= 
— 


ку! 





RQ 
і 
б 
| 
-4 


|е 
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Part 5 Algebra 2 


Make x the subject. 
2 


27. -+1=3 28. 2524 
х Х 
29. Аве 30. СЕН 
X X 
31. –- =" 32..4=2+4 
33. t- — п 34. h=d-? 
X X 
d 
35. Саше 36. /----062 
37. 2-2 b - ^ 38. e b = inn 
X X 
39. -М мо 40. r -Т=0 
х+а х-с 
N B 
41. ЗМ = M+ sl 42. А= 5A 
K z 
43. Mx + BHC 44. в“ 
2 
45. Т--нэ-р 46. = w- d 
Example 7 





Make x the subject of the formulae. 


(a) V(x? +А) = В 


х2-А- В (square both sides) 


х? = B^—A 
х= +У(В? – 


(b) (Ax – В)? = M 


Ax — В = +УМ (square root both sides) 


Ах = В = УМ 
_В=УМ 
© А 
(с) Дан x)= 1, 
Р- х= Т 
R= Pas 
R—-T*-x 


Exercise 7 


Make x the subject. 


Vx = 2 

. М(х - 2) = 3 
. Ма+ С) = р 
. V(ax + Б) = с 


ш ке Фа (л ш m 


ни и 


"Ре 


. b V(gx – t) 10. 
. V(d—-x)st 12. 
„съ V(n - x) 14. 


— A) 


М(х + 1) =5 
М(х + А) = В 
Ма - Е) = Н 
М(х- т) ва 
г= М(Ь-х) 
b — V(x — d) 
је V(b — x) 


15. g= V(c— x) 
17. V(Ax + B) = VD 


2 — 
2 
2 


№ 
"m^. 
х х х 
Ma tuos 


M 
m 


3 рр 


jt 


N 
po 


|| 


Make К the subject. 


20. ы 
а 


31. п=а – k? 
33. У(К:— А) = В 


p = М(т + k?) 
37. АМ(К + В) = M 


N 
». (3-2 
41. М(а2 – К) =! 
43. 2n V(k + ђ = 4 
45. Мак? - b) = C 


47. К+ Б =? 


49. V(c – ак) = b 


Ехатріе 8 


30. 


32. 
. МК? + у) =х 
36. 


38. 


40. 


42. 
. АМ(К + 1) = B 
46. 


: Е Вес 
а 


50. Z= 


. V(M – №) = Р 
. V(x- D) = А? 
. х? + 12717 

. x! +А = В 

. Б=а+х? 
.n-2d-x 

. б=ах 


2 


ak? —! = т 
М(42-4)-6 


2V(k + 1) 26 
15 
V(a К) = Ь 


У(т-42)-х 
аУ(6-х)-8 


k a+b 


Make x the subject of the formulae. 


(a) Ах-В=Сх+р 


Ax—Cx=D+B 


x(A — C) = D + B (factorise) 


_D+B 
-A-C 


x+b 
(b) t 





х+а= 


с(х+а) =х+Ь 
cx +са=х + Б 


сх-х+ЬБ- са 


x(c — 1) = b — са (factorise) 


b — ca 
с-1 


5.2 Changing Ше subject of a formula 


Exercise 8 


Make y the subject. 





1. 5(y — 1) = 2(y + 3) 2. 7(y - 3)  4(3 – y) 
3. Ny - B-D-Ny 4. My; -D- E—-2My 
5. ay c bz 3b + Бу 6. my с=е – ny 
7. Xy c 42 7 — ky 8. Ry - D- Ty 4 C 
9. ду—х =2= + by 10. т(у+а) = п(у + b) 
sbie у. 
11. х(у—б)=уфа Vip b 
кеу М-у_а 
P 3xy d 4. My b 
15. т(у+п)=п(п-у) 16. y+m= 
17. y-n= Е 18, y 4 p 23€ 
n b 
19. 9524-5 20. с- dy =e — ау 
21. y(a—c)=by+d 22. y(m+n)=a(y +b) 
pees y+x_ 
23. 1- ay =s — Бу cup 3 
Lind NO saja 
Е, 2 26. y(b—- a) a(y * bc) 


27. Ju = 28. (+ 
у-х -у/ 3 








Ж J[2et2]-, ГЕ 
у т 

Example 9 
Make и Ше subject of Ше formula 

17 

иа) ^ 

В : W _ 2 

Squaring both sides, 2126 


Multiplying Бу (w + а), и = c?(w +а) 
и = су + c?a 

и — с20 са 

w(1- c?) = c?a 


c^a 


1-с 





w= 2 


Exercise 9 


Make the letter in square brackets the subject. 


1. ax c by t c-0 [x] 

2. У{а(у* - b)) =e [y] 

3. V(k—m) 1 [К] 
п т 

4. а — bz = 2 + Б [2] 

‚лу 

5; С [x] 

a 


е 
ATN 
N | 

| 

o 
— 

| 

e 


[2] 


7. lem + mn +а = 0 [n] 


8. А 14) 


9. 2" (5) [2 ] 


10. V(x? + a) = 2х [x] 
11. (2254) -1 [m] 
12, Je -a [x] 
13. a- b - mx = 0 [m] 
14. V(a? + b?) =x? [a] 
а C 
15. пан, [k] 
16. а-у- 27) [у] 
17. С = Ап V(x? + T?) [x] 
18. M(ax + by + c) 20 [v] 


19. х= (+) [у] 
n. «\(#=е\-© 7 





M P 
21. wr E= [N] 
22. 22 [x] 
23. V(z - ax) =! [a] 
24, e+ V(xtf)og [x] 
25. pU РЕЯ [у] 
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5.3 VARIATION 





Direct variation 


There are several ways of expressing a 
relationship between two quantities x and y. 
Here are some examples. 

x varies as y 

x varies directly as y 

x is proportional to y 


These three all mean the same and they are 
written in symbols as follows. 


yxy 


The “эс sign can always be replaced by ‘=k’ 
where К is a constant: 


х = Ку 


Suppose x = 3 when y = 12; 

then 3=& X12 

and k-i 

We can then write x = зу, and this allows us to 
find the value of x for any value of y, and vice 
versa. 


Example 1 


y varies as z, and y = 2 when 2 = 5; find 
(a) the value of y when 2 = 6 
(b) the value of 2 when у = 5 


Because y « z, then у = kz where k is a constant. 


y=2whenz=5 
2=kx5 
k=} 

So y-iz. 


(а) When z 26,y 21x6-2t. 


(b) When у = 5, 5=2z 
z=F= 12 


НИЦИ 


ee oe 
Ф 


ој 


Example 2 


The value V of a diamond is proportional to Ше 
square of its weight W. If a diamond weighing 
10 grams is worth £200, find 

(a) the value of a diamond weighing 30 grams 
(b) the weight of a diamond worth £5000. 


V«W? 
Or V — kW? where К is a constant. 


V = 200 when W = 10 


200 + k x 10? 
k=2 
So V=2W2 


(a) When У = 30, 
V=2 x 30: = 2 x 900 
V = £1800 
бо a diamond of weight 30 grams is worth 
£1800. 


(b) When V= 5000, 
5000 = 2 x W? 
үү? = 2570 = 2500 
W = М2500 = 50 
So a diamond of value £5000 weighs 50 
grams. 
Exercise 10 


1. Rewrite the statement connecting each pair of 
variables using a constant k instead of х”, 


(а) Sxe (b) v«t (c) x«z? 
(d) ух Vx (e) T« VL (f C«r 
(B) A«r? (h) Ver? 


2. y varies as t. If y = 6 when t— 4, calculate 
(a) the value of y, when t= 6 
(b) the value of t, when у = 4. 
3. z is proportional to m, If z 20 when m + 4, 
calculate 
(a) the value of z, when т = 7 
(b) the value of т, when 2 = 55. 
4. A varies directly as r°. If A = 12, when r = 2, 
calculate 
(a) the value of A, whenr- 5 
(b) the value of r, when A — 48. 
5. Given that z « x, copy and complete the table. 


х | 113 51 
2 4 16 


t + 


6. Given that Ух r?, copy and complete the table. 
r 1 2 13 
У 4 256 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


53 Variation 


. Given that w « Vh, copy and complete the table. 


ћ || 4 | 9 21 


и’ 6 15 


‚ 5 is proportional to (v — 1)?. If = 8, when у = 3, 


calculate 
(a) the value of s, when v=4 
(b) the value of v, when 5 = 2. 


. m varies as (d + 3). If m = 28 when d= 1, 


calculate 

(a) the value of m, when d = 3 

(b) the value of d, when m < 49. 

The pressure of the water P at any point below the 
surface of the sea varies as the depth of the point 
below the surface d. If the pressure is 200 
newtons/cm? at a depth of 3 m, calculate the 
pressure at a depth of 5 m. 

The distance d through which a stone falls from 
rest is proportional to the square of the time taken 
t. If the stone falls 45 m in 3 seconds, how far will 
it fall in 6 seconds? 

How long will it take to fall 20 m? 

The energy E stored in an elastic band varies as 
the square of the extension x. When the elastic is 
extended by 3 cm, the energy stored is 243 joules. 
What is the energy stored when the extension is 

5 ст? 

What is the extension when the stored energy is 
36 joules? 

In the first few days of its life, the length of an 
earthworm / is thought to be proportional to the 
square root of the number of hours и which have 
elapsed since its birth. If a worm is 2 cm long after 
1 hour, how long will it be after 4 hours? 

How long will it take to grow to a length of 14 cm? 
It is well known that the number of golden eggs 
which a goose lays in a week varies as the cube 
root of the average number of hours of sleep she 
has. When she has 8 hours sleep, she lays 4 golden 
eggs. How long does she sleep when she lays 5 
golden eggs? 

The resistance to motion of a car is proportional 
to the square of the speed of the car. If the 
resistance is 4000 newtons at a speed of 20 m/s, 
what is the resistance at a speed of 30 m/s? 

At what speed is the resistance 6250 newtons? 

A road research organisation recently claimed that 
the damage to road surfaces was proportional to 
the fourth power of the axle load. The axle load of 
а 44-юп HGV is about 15 times that of a car. 
Calculate the ratio of the damage to road surfaces 
made by a 44-ton HGV and a car. 
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Inverse variation 


There are several ways of expressing an inverse 
relationship between two variables, 


x varies inversely as y 
x is inversely proportional to y. 


: 1 
We write x х – for both statements and 


proceed using the method outlined in the 
previous section. 


Example 3 

z is inversely proportional to г? and г = 4 when 
t= 1. Calculate 

(а) z whentz2 

(b) t when 2 = 16. 

We Пауе 2 ха 


Ts 
Or 1-КХ m (k is a constant) 


z=4whenr=1, 


| 
a=k (z) 
so k=4 1 
2-4Х-, 
г 


(а) when t-2, zc 4x 22 = 1. 


(b) when z= 16, 16=4х 5 
16:2 = 4 
Г? =] 
[= +35. 


Exercise 11 


1. Rewrite Ше statements connecting the variables 
using a constant of variation, К. 


| 
b) sx— 
(b) s2- 


l | 
хх- іх — 
(а) х y (c) Ма 
(d) m varies inversely as w 
(е) zis inversely proportional to г?. 
2. b varies inversely as e. If = 6 when e = 2, 
calculate 
(a) the value of b when e = 12 
(b) the value of e when b 23. 
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. а varies inversely as r. Ка = 5 when r = 2, 


calculate 
(a) the value of q when r= 4 
(b) the value of r when g = 20. 


. x is inversely proportional to y?. If x 2 4 when 


у = 3, calculate 
(a) the value of x when y = 1 
(b) the value of y when x = 21. 


. R varies inversely as v?. If R = 120 when v= 1, 


calculate 
(a) the value of R when и = 10 
(b) the value of v when R = 30. 


. T is inversely proportional to х?. If Т = 36 when 


X — 2, calculate 
(a) the value of T when x = 3 
(b) the value of x when T = 1-44. 


. p is inversely proportional to Vy. If p = 1-2 when 


y = 100, calculate 
(a) the value of p when y 2 4 
(b) the value of y when p = 3. 


1 


. y varies inversely as z. Ку = у when 2 = 4, 


calculate 
(a) the value of y when z = 1 
(b) the value of z when y = 10. 


. Given that z с ‚ copy and complete Ше table: 
у || 2 |4 i 
2 8 16 

. Given that v x , copy and complete the table: 
t 23103 10 
v || 25 1 

Given that r= Эн copy and complete Ше table: 
x | 4 
| 

г 12 + 12 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


е varies inversely as (у — 2). If e 12 when y =4, 
find 

(a) e when y=6 (b) y when e =3. 

M is inversely proportional to the square of /. If 
M = 9 when [= 2, find 


(a) M when ! = 10 (b) / when M = 1. 


Given z= 5, find k and n, then copy and 
complete the table. 

X 112 4 

2 || 100 1123 15 


Given у= a find k and л, then copy and 
complete the table. 

y 1 4 36 

»1| 12 | 6 = 


The volume V of a given mass of gas varies 
inversely as the pressure P. When V = 2 m?, 

Р = 500 Хип”. Find the volume when the pressure 
is 400 N/m?. Find the pressure when the volume is 
5m. 

The number of hours N required to dig a certain 
hole is inversely proportional to the number of 
men available x. When 6 men are digging, the 
hole takes 4 hours. Find the time taken when 8 
men are available. If it takes 1 hour to dig the 
hole, how many men are there? 

The life expectancy L of a rat varies inversely as 
the square of the density d of poison distributed 
around his home. When the density of poison is 

] g/m? the life expectancy is 50 days. How long 
will he survive if the density of poison is 

(a) 5 g/m?? (b) 3 g/m?? 

The force of attraction F between two magnets 
varies inversely as the square of the distance d 
between them. When the magnets are 2 cm apart, 
the force of attraction is 18 newtons. How far 
apart are they if the attractive force is 2 newtons? 


5.4 INDICES 


Rules of indices 


1. а" х а" = ат!” e.g. 7 х 74 = 79 


2. а" —- а” = а"-т e.g. 69 = 62 - 6° 
3. (апу" =а"" е.р. (32)? = 310 
-A — 1 -2 _ 1 
Або,а = 27 е.в. 5 = 52 
1 1 2 
a” means ‘the nth root of a’ e.g. 9: = V9 


a" means ‘the nth root of a raised to the power m’ 
e.g. 4? = (№4)? = 8 


Example 1 

Simplify (a) x? . x? (b) x? =x’ 
(c) (x^ (d) (3х 
(е) Qx |) =х > (f) 3y?x4y? 

(a) x! ‚х!З = ytl = х20 


, = e ee | 
(b) 3 +x = 37 =x Маг, 


(с) (х*) 2 x" 
(d) (3x7)? = 33. (х2)? = 27х9 


(е) Qx y x ?24x '-= 
при 


= 4Х3. 
(f) Зу? х 4у? = 12у2. 
Exercise 12 


Express in index form 


1. 3х3х3х3 2. 4х4х5х5х 5 
3. 3х7х7х7 4. 2х2х2х7 
ГРАНЕ: REA "arare ЕКЕНИ 
"10x 10 x 10 ' 2x2xX3x3x3 
7. V15 8. V3 

9. У10 19. (V5) 

Simplify 

11. x? x x* 12. убху! 

13. z+ z? 14. 270 x 279 

15. m^ +m? 16. e? xe? 


17. y^? ху“ 18. w+ м2 
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19. yx y: 20. (х2)? 
21. x? - x? 22. мх мт? 
23. w^? x w? 24. x? - x74 
25. (а?) . 26. (dy 
27. е ^ xe! 28. x I x x" 
29. (у) 2 30. (х >)“: 
31. 22+ 27? 32. (7-1 
33. (2x°)? 34. (4y°)? 
35. 2x? x 3x? 36. Sy? x 2y? 
37. 5a? x 3a 38. (а) 
39. 3x? + x? 40. 8у”--2у 
41. 10y? + ду 42. 8а х 44” 
43. (2х)? x (3х)? 44. 42 х 277 
45. 6x ? + 3x? 46. 5у”--2у77 
47. (2) + (y? 48. 7€? x Зуу?! 
49. (2n)* + 8n" 50. ax? 2x! 
Example 2 

2 ed 
Evaluate xi 4 | | 2 

(e) (9.59 (0) 7 

(а) 9*= У9 =3 
(b) 514 
o cele deed 


(d) 25! = (V25y? = 53 = 125 
(e) (539,519 5°. 5: = 52 


3 
() 7-1 | consider ^ = =) а 1 


Remember. а = 1 for any non-zero value of a. 
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Exercise 13 


Evaluate the following 





1. 3x3 2. 100" 3. 37 

4. (57) 5. 4 6. 16 

7. 81° 8. 8 9. 9 

10. 27 n. 9? 12. 8^ 
3.1: 14. 257 15. 10007 
16: 2:2х27 17. 22-27! 18. 8 

19. 277 20. 4? 21. 36 x 27 
22. 100007 23. 100 24. (1007) 73 
25. ($y? 26. (16371)! 27. 81+ 16 
28. (573y 29. 10007 зо. (4)? ' 
31. 8^ 32. 100° 33. 1? 
34. 2^? 35. (0-01)! 36. (0-04) 
37. (2:25): 38. (7-63)" 39. 3x34 
40. (33)! 41. 112)? 42. (1)? 
43. (d 44. (35? 45. (107) 
46. PeP 47. (0:0001) 7 48. = 

25° x 4 50. (рени ^ 

g^ 
Example 3 
Simplify (а) (2a)? + (9a)? 
(b) (Зас2)“ x 247? 
(с) (2x)? + 2x? 
(а) (2а)? + (9a?) Ва? + За 
= За? 
(b) (3ac?P x да”? = 27ас" x га“: 
= 54ac* 

(с) (2x)? + 2x? = 4x? 42x? 

Exercise 14 

Rewrite without brackets 

1. (5х2)? 2. (7у?) 3. (1045) 
4. (2xy?y 5. (4х?) 6. (ду)! 
7. (x ?y'! 8.(2x 5" 9, (5x?y)? 


ce 


10. (3x)! 
13. (2x?) 
16. |(5х)9) 
19. (2х2у) 


11. (3x)? x Qxy 12. (5у) +y 


1 
14. (Зу) 
17. (7у")? 
20. (10xy?y? 


Simplify the following: 


15. (5х")? 
18. (СУУГ 


21. (3571) + 6x7 22. (4х) х? 
23. х?у? х xy? 24. 4ху х Зх?у 
25. 10x7!y? x xy 26. (3x)! x (bx?) 
27. z'yx х x^yz 28. Qx) ? x Ax? 
29. (3y)^! = (97)! 30. (хуу x (9x) 
31. (х?у)(2ху)(5у”) 32. (ах?) х (8x) 
33. 5x7? = 207" 34. (3x) ?|'! 
35. (2a) ^ x Ва“ 36. (abc?) 
37. Write in the form 2” (e.g. 4 = 2?) 

(a) 32 (b) 128 (c) 64 (d) 1 
38. Write in the form 3“ 

ајђ (т (9i (d) 9x аг 
Evaluate, with x = 16 and y = 8. 
39. ax? x у! 40. yix y^! 
41. (yy (өх)! 42. (ху?) 
43. x ф y^! 44. х жу”! 
45. yes 46. (1000y)! x x^ 
47. ух 48. voy 
49. хуу? 50. (5) 
Solve Ше equations for x 
51. 2-8 52. 3* = 81 
53. 5-1 54. 10x = тў 
55. 3735 56. 4“ = 64 
57. 611 58. 100000" = 10 
59. 12*=1 60. 10* = 0-0001 
61. 25 + 3" = 13 62. (2) = 32 
63. 52 = 25 64. 1000000?* = 10 


65. These two are more difficult. Use a calculator to 
find solutions correct to three significant figures. 
(b) x* = 10000 


(a) x* 100 


5.5 ITERATIVE METHODS 
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These methods are particularly well suited when 
a computer or calculator is available. 


Example 1 


Suppose we want to find V11. 
Let our first approximation be а]. 


(a) Try a, =3. 
Since 3? = 9, we deduce that 3 is smaller than 


Ми. 
We also deduce that + is larger than У11. 


_ (b) For our second approximation 4, try the 


- 


Qe 


average of 3 and 4. 
i.e. а; = 1(3 + 1) = 3-333. 


(c) Now, E 3332 > 11 
+ 353 « V11 by the argument above. 





11 
(d) Find the average of 3-333 and 3.333 
| 11 
ie. 0375 5 (3: 333 + 3. Sul 
= 3-317 


This is already V11 correct to four significant 
figures. This is an example of an iterative 
method. 


The iterative formula for finding the square root 
of a number N is 
1 N 
аһ+1 = 2 (а, zd x 
where a, is the approximation after п repetitions 
of the formula and а,+ іѕ the next 


approximation. 


Exercise 15 


1. Start by making a suitable ‘guess’ and. then use the 
formula above to find the square root of the 
following numbers, correct to four significant 


figures. 
(a) 8 (b) 18 (c) 39 
(d) 7-63 (e) 111 (f) 413 


2. The iterative formula for finding the cube root of a 
number N is 


аһ+1 = : (2a, + M 


Use the formula to find the cube root of (ће 
following numbers, correct to four significant 
figures. 
(a) 9 

(d) 0-962 


(b) 28 
(e) 1050 


(c) 70 


. The iterative formula for finding the fifth root of a 


number N is 


й+у = : (4а, + x) 
n 


Find the fifth root of the following numbers correct 
to four significant figures. 
(a) 35 (b) 260 
(d) 27 


(c) 115000 


. It is possible to find a solution to the equation 


x? — 4x? — 20 = 0 by using the iterative formula 


20 
Xn1 E + 4 
n 


Find a solution, correct to three significant figures. 
(Try x, = 1.) 


. The equation x* — 3x? — 10 2 0 may be solved 


approximately by using the formula 


Ха+1 -243 


Find a solution, correct to three significant figures. 
(Try x, = 1.) 


. Find the value of 5 correct to six decimal places by 


using the iterative formula 
Xn1— Ха (2 = 13x,). 


. One solution of the quadratic equation 


x? — 10x + 5 = 0 may be found by using the 

iterative formula 

Xn+1 = 10 Xn 

Find this solution, correct to four significant figures 
by using as an initial approximation: 

(a) x, =8 (b) x, = -7 (c) x, 100 

You will notice that each time the formula gives the 
same solution but fails to find the other solution. 
This illustrates a weakness of this type of simple 
‘first order’ formula. 


. Use the formula 


Xn+1 = > 3+ l 
Xn 
to ids a solution of the equation 
2х? - 3x - 1-0. 
Again try a wide variety of initial approximations. 
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9. Consider the equation x^* x — 5 = 0. 





Rearranging, x-x25 
x(x+1)=5 
5 5 
x= 1351 or х+1= » 
шысы] 
x 
5 
th tion f 1 ж---- 
Use the iteration formulae x, XE] and 


5 
n 


(a) an initial value x, = 2. 
(b) an initial value x, = —3. 


What do you notice? 


Flow charts 


Exercise 16 


1. Copy the flow chart and put each of the numbers 1, 


2.3. 4. 5, 6. 7 in at the box marked N. Work out 
what number would be printed in each case and 
record the results in a table: 


Input 1 2. 3 4 5 6 7 
Output 
(a) 













Yes 


(b) 






2. Take any number (we have taken 7) and work 
through the flow charts several times. 
What do you notice? 
What happens if you change the first number 
(say x = 11 ог 197)? 
(a) 


Can you explain what is happening? 


5.6  Inequalities 


(b) 





5.6 INEQUALITIES 


x < 4 means ‘x is less than 4 

у> 7 means ‘у is greater than T 

z = 10 means ‘z is less than or equal to 10° 

{> —3 means ‘t is greater than or equal to —3' 


Solving inequalities 


We follow the same procedure used for solving 
equations except that when we multiply or divide 
by a negative number the inequality is reversed. 


ер. 42-2 
but multiplying by —2, 
-8<4 
Example 1 
Solve the inequalities 
(a) 2x -1»5 (b) 5 —3х =1 
2х>5 + 1 5< 1 + Зх 
6 5-153х 
х» 2 
x23 3". 


Exercise 17 


Introduce one of the symbols «€, > or = between each 
pair of numbers. 


1. —2, 1 2. (—2), 1 

3. 1,4 4. 0-2, : 

5. 107, 29 6. 1, 0-4 

7. 40%, 0-4 8. (-1)?, (-3) 
9. 52, 25 10. 34, v10 

11. 77, 10 12. -i, –! 

13. 27!, 37! 14. 50%, 1 


15. 196, 1007! 
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(c) 





State whether the following are true or false: 


16. 0-72 >5 17. 103 = 30 

18. 1> 12% 19. (0-1)? = 0-0001 
1_1 

20. (-47--1 21. 55> 55 

22. (0-2)? < (0-3)? 23. 8-2 

24. 0:17» 0-1 


Solve the following inequalities: 


25. x — 3» 10 26. x - 1«0 

27. 5>х-7 28. 2x + 1<6 

29. 3x — 4-5 30. 10ж2х-6 
3l. 5х<х + 1 32. 2x 2=x-3 

33. 4 + х<-4 34. Эх+1<2х+5 
35. 2(х+1)>х-7 36. 7< 15-х 

37. 9> 12-х 38. 4-2x <2 


39. 3х-1)<2(1-х) 40. 7 — 3x «0 


The number line 


The inequality x « 4 is represented on the 
number line as 


-3-2-10 12 3 4 5 


x = —21s shown as 


Li ЧЕ —Lo—Áom—MÓM—  á — ÓÀmÀ 
-3-2-1 0 1 2 3 4 5 6 


In the first case, 4 is по! included so we have О. 
In the second case, —2 is included so we have ө. 


—1<x<3 is shown as 


-3 -2 -1 0 1 2 3 4 5 6 
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Exercise 18 


For questions 1 to 25, solve each inequality and show 
the result on a number line. 


1. 2х+1> 11 2. 3х – 4<5 

3, 2<х-4 4. 6>10-х 

5. 8<9-х 6. 8х—1<5х— 10 
7. 2x >0 8. 1<3x-11 

9. 4-х>6-2х 10. ee 

11. 1<х<4 12. -2<x<5 

13. |<х<6 14. 0x2x « 10 

15. -33x x21 16. x^ «4 

17. x^ x 16 18. x^» 1 

19. x^ 29 20. 1<2х+1<9 
21. 10=2х xx + 9 .22. x С Зх +2 <2х +6 


23. 10=2х-1=х+5 24. х<3х-1<2х+7 
25. x 10<2(х- 1) «x 
(Hint: in questions 20 to 25, solve the two inequalities 


separately.) 


For questions 26 to 35, find the solution set, subject to 
the given condition. 


26. За + 1< 20; а is a positive integer 

27. b 126; b is a prime number less than 20 
28. 2e — 3 <21; е is a positive even number 
29. 1<2 < 50; z is a square number 

30. 0< 3х < 40; x is divisible by 5 


Graphical display 


31. 2x > —10; x is a negative integer 

32. x - 1« 2x <x + 13; x is an integer 

33. х? < 100; x is a positive square number 
34. 0222 -3«z +8; z 5 а prime number 


а ЭГ 
35. 5+ 10 > a; a is a positive even number 


36. State the smallest integer л for which 4n > 19. 
37. Find an integer value of x such that 
2x — 7 «8 «3x — 11. 
38. Find an integer value of y such that 
Зу -4« 12 «4y – 5. 
39. Find any value of г such that 9 < z + 5 < 10. 
40. Find any value of p such that 9 «2p + 1 < 11. 
41. Find a simple fraction а such that 5 <q <3. 
42. Find an integer value of a such that 
а-З< 1 =2а + 10. 
43. State Ше largest prime number z for which 
3z « 66. 
44. Find a simple fraction r such Ша? « г<. 
45. Find the largest prime number p such that 
p? « 400. 
46. Illustrate on a number line the solution set of each 
pair of simultaneous inequalities: 
(a) x «6; -Зжх<8 
(b) x> -2; -4<х<2 
(c) 2х+1=5; -12x 3x - 3 
(d) 3x-2«19; 2x = -6 
47. Find the integer n such that n < V300 « n + 1 


It is useful to represent inequalities on a graph, particularly where two 


variables are involved. 


Example 3 


Draw a sketch graph and shade the area which represents the set of points 


that satisfy each of these inequalities. 
(a) x 22 (b) 1=у=5 










(c) x - y «8 





In each graph, the unwanted region is shaded so that the region representing 


the set of points is left clearly visible. 


5.6 Inequalities 
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In (a), the line x = 2 is shown as a broken line to indicate that the points on 
the line are not included. 


In (b) and (c), the lines y= 1, у = 5 and x + у = 8 are shown as solid lines 
because points on the line are included in the solution set. 


An inequality can thus be regarded as a set of points, for example, the 
unshaded region in (c) may be described as 


{(х, у):х+ у <8} 
і.е. the set of points (x, y) such that x + y « 8. 


Exercise 19 


[n questions 1 to 9 describe the region left unshaded. 
1. 2. 3. 
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For questions 10 to 27, draw a sketch graph similar to those above and indicate the 
set of points which satisfy the inequalities by shading the unwanted regions. 


10. 
12. 
14. 
16. 
18. 
20. 
22. 
24. 


26. 


2<x<7 11. 0<у<31 

—2<x<2 13. x «6and y «x4 

0<х<5 апау <3 15. | = х= бапа2 =у=8 
-3<х<0 and -4<у<2 17. y «x 

х+у<5 19. y>x+2andy<7 

x2Oand у > 0 апах+у=7 21. х> 0 апах+у< 19 and y >x 
82 у> 0 апйах+у>3 23. х+2у< 10 апах= 0 and y 20 
Зх + у < 18 and x > 0 and у=0 25. х> 0, у2х-– 2, х+у= 10 

3x + Sy < 30 апд у >> 27. уво.у<2дхапх+у<8 


For questions 28 to 30 draw an accurate graph to represent the inequalities listed, 
using shading to show the unwanted regions. 


28. 


29. 


30. 


xtysll;ye3yszx. 

Find the point having whole number coordinates 
and satisfying these inequalities which gives 

(a) the maximum value of x + 4y 

(b) the minimum value of 3x + y 

3x + 2у> 24; х+у< 12; y< $x; у> l. 

Find the point having whole number coordinates 
and satisfying these inequalities which gives 

(a) the maximum value of 2x + 3y 

(b) the minimum value of x + y 

Зх + 2у < 60; x + 2y < 30; х > 10; y = 0. 

Find the point having whole number coordinates 
and satisfying these inequalities which gives 

(a) the maximum value of 2x 4 y 

(b) the maximum value of xy 








REVISION EXERCISE 5A 
1. дэн the following as d fractions: 4. (a) Given that x — z = 5y, express z in terms of x 
X X 4.22 апд у 
(а) 135 (b) > X T 3x (b) Given that mk + 3m = 11, express т in terms 
Дада x+2 Е я Раа 4 d 7 2 of К. 
(c та (9) x-1 х+3 (c) For the formula T= C Vz, express z in terms 


2. (a) Бос x?-4 


TUE as 
(b) Simplify 2—4 





3. Given that s — 31 = rt, express 


(a) sin terms of r and г 
(b) r in terms of s and ! 
(c) tin terms of s and r. 


of T and C. 


5. It is given that y = : and that 1 =х= 10. 


(a) If the smallest errr value of y is 5, find the 
value of the constant k. 
(b) Find the largest possible value of y. 


Revision exercise 5A 


. Given that y varies as x? and that у = 36 when 


x = 3, find 
(a) the value of y when x = 2 
(b) the value of x when y = 64. 


. (a) Evaluate (1) 9: (ii) gi (iii) 1 6^ 


(b) Find x, given that 
(i) 3°=81 (ii) 7=1. 


. List the integer values of x which satisfy. 


(a) 2x -1«20«3x- 5 
(b) 5<3х + 1<17. 


. Given that f= k V(x + 5), express x in terms of t 


10. 


1. 


12 


13. 


14. 


15. 


16. 


17 


18. 


and К. 
Given that z — с=т express y in terms of 2. 


Given that y < А. 


(a) Find the value of y when k = ; and w=3 
(b) Express w in terms of y and k. 

On a suitable sketch graph, identify clearly the 
region А defined by x 20, х + y 8 апа y 2 x. 
Without using tables, calculate the value of 


(a) 9°24 dy + (—3)° 


1 
(b) (1000) *— (0-1)? 
It is given that 10* = 3 and 107 = 7. What is the 
value of 10**5? 
Make x the subject of the following formulae 
-5 





(а) жеде = 


(b) cz +ах+ Б = 0 
Е + У 

xc] 
Write the following as single fractions 
(a) 3 

x 2x 

3 1 
(5) а-2 а-4 
3 2 

(с) х(х +1) — x(x -2) 
p varies jointly as the square of гапа inversely as 


s. Given that p = 5 when { = 1 and s = 2, find a 
formula for p in terms of ¢ and 5. 


(с) а- 





| . 7 
Use the iteration formula х, = ——— to finda 
х„ +1 


solution of the equation x? + x — 7 = 0. Choose 
different values for the initial approximation хү. 


19. The shaded region A 
is formed by the 
lines y = 2, у = 3x 
and x + y = 6. 

Write down the 
three inequalities 
which define A. 





20. The shaded region B is formed by the lines x — 0, 
ужх-2апдх+у+ 7. 





Write down the three inequalities which define В. 
21. In the diagram below, the solution set -1 €x «2 
is shown on a number line. 





-1 0 1 2 3 4 
Illustrate, on similar diagrams, the solution set of 
the following pairs of simultaneous inequalities. 
(a) x22, х=7 
(b) 4+х>2,х+4< 10 
(с) 2x *123,x 3&3. 

22. In a laboratory we start with 2 cells in a dish. The 
number of cells in the dish doubles every 30 
minutes. 

(a) How many cells are in the dish after four 
hours? 

(b) After what time are there 213 cells in the dish? 
(c) After 104 hours there are 222 cells in the dish 
and an experimental fluid is added which 
eliminates half of the cells. How many cells 

are left? 
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EXAMINATION EXERCISE 5B 


1. Given that Т=2т J : 


(a) estimate the value of T, correct to 1 significant figure, when € — 243, and 
g = 981, 
(b) express g in terms of T, папа €. [M] 


2. Jasbir is doing a simple experiment to test the relationship bewen two quantities 
m and €. His theory is that m varies as the square of £. He has already found that 
m = 18 when £ = 6. Assuming that his theory is correct, what value of т should he 
obtain when 6 = 4? [L] 


3. (a) Make h the subject of the formula d = T 
(b) Solve the inequalities 
(i) 9—2х=5 
(ii) 3(2—x)» -2 
(iii) List the integers which satisfy both these inequalities simultaneously. 
(c) A positive integer г is such that pr? = 168, where p lies between 3 and 5. List 
the possible values of r. [MEI] 


4. Given that f(x) = 8", calculate 


(i) fG), 6) К-У. | [N] 


5. The following table shows some values of the variables x and y which are linked 
by the equation у = 8х”. 





(i) Find the value of n. 
(ii) Find y when x = 36. 
(iii) Find x when y = 20. 
(iv) Express x in terms of y. [W] 


6. The rectangle ABCD is divided into two smaller rectangles by the line LM. 
AD < 1, DM =2, AB =x. 
(a) Write down MC in terms of x. 
(b) Rectangle ABCD and BCML are similar. Use this fact to write down two 
expressions that must necessarily be equal to each other and show that 


x—-2x - 1 = 0. 
(с) Show Ша! the equation x? — 2x — 1 = 0 can be written in the form 
xu 
x 


1 : 
With xo = 3 use х„ = 2 + — to calculate x, and x2. Write down all the figures 
n 
shown by your calculator. 


(d) Continue the iteration and find a solution of the equation x? - 2x — 1 = 0 
correct to three significant figures. [L] 
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7. (a) Ifp is the largest whole number which is a perfect square and which is also 

less than or equal to п, find p when 
(i) n=4-9, (i) п= 49, (iii) n = 490. 

(b) The following flow diagram can be used to find the approximate square root 
of 20, after first choosing an appropriate whole number x as an estimate of 
М20. 

Start with x = 4 and make out a table like Ше one below to show every stage in 

finding V20 to 7 significant figures. Show all the figures on your calculator at each 


stage. 
difference between x and Z 


0-5 








x=whole number 
estimate of V20 





4-4722222 
etc. 





[S] 


to 7 significant 
figures? 





8. A sequence is defined by и, = In(n + 1). 
(a) Work out uo, uj, из, из and ш. 
(b) Work out м, — ug, и — иу, Из — из and и, — из. 
(c) Write down ид-1, and simplify и, — изу. 
(d) Hence show that 1+2+3+ --- + я им. 
(e) If the sum of the first n positive integers is 4950, show that n? + n — 9900 = 0, 
and hence find the value of n. [M] 


9. A business requires containers (made from thin 
sheet metal), such that the internal 
measurements are related as shown in the diagram. 
(i) The internal volume of the container is V m?. 
(a) Calculate the value of V when x = 0-6. 
(b) Write down a formula for V in terms of x. 
(ii) The value of V is to be as close to 1 as possible. xm 
(a) One possible rearrangement of the equation obtained by putting V = 1 in 
the formula is 





У. 
0 
2 ә 


1 
теа 


Use an iterative method with this form of the equation to find Ше values 
of Ху, x; and x; when x, = 0:6. 
(b) Show that the equation may also be rearranged as 
1 
— 2V(x + 0-1) 
Use an iterative method with this form of the equation to find the values 
ОЁХ, x; and ха when ха = 0:6. 
(c) State, correct to 3 significant figures, the required value of x. [N] 


X 


6 Trigonometry 








6.1 RIGHT-ANGLED TRIANGLES 


Z E 


A 


The side opposite the right angle is called the 
hypotenuse (we will use H). It is the longest 
side. 


The side opposite the marked angle of 35? is 
called the opposite (we will use O). 


The other side is called the adjacent (we will 
use А). 


Leonard Euler (1707—1783) was born near Basel in 
Switzerland but moved to St Petersburg in Russia and 
later to Berlin. He had an amazing facility for figures but 
delighted in speculating in the realms of pure intellect. In 
trigonometry he introduced the use of small letters for the 
sides and capitals for the angles of a triangle. He also 
wrote r, R and s for the radius of the inscribed and of the 
circumscribed circles and the semi-perimeter, giving the 
beautiful formula 4rRs = abc. 


Consider two triangles, one of which is an 
enlargement of the other. 


It is clear that the ratio S will be the same in 


both triangles. 


6.1  Right-angled triangles 


Sine, cosine and tangent 


Three important functions are defined as follows: 


sin X = = 


О cos X = 


tan x — 


>|О T> zuo 


It is important to get the letters in the right 
order. Some people find a simple sentence 
helpful where the first letters of each word 
describe sine, cosine or tangent and Hypotenuse, 
Opposite and Adjacent. An example is: 
Silly Old Harry Caught A Herring Trawling 
Off Afghanistan. 


e.g. SO H:sin= = 


For any angle x the values for sin x, cos x and 
tan x can be found using either a calculator or 
tables. 


Exercise 1 


1. Draw a circle of radius 10 cm and construct a 
tangent to touch the circle at T. 


Draw OA, OB and OC where AOT = 20° 
BOT = 40° 
COT = 50°: 
Measure the length AT and compare it with the value 
for tan 20° given on a calculator or in tables. Repeat 
for BT, CT and for other angles of your own choice. 


119 


Finding the length of a side 
Example 1 


Find the side marked x 


/ 


10cm 


(a) Label the sides of the triangle Н, О, A 
(in brackets) 


(0) x (H) 


|| [N 
(A) 


(b) In this example, we know nothing about H 
so we need the function involving O and A. 


„Ох. 
tan 25-4° = А 10 
(c) Find tan 25-4? from tables 
=. 
0-4748 = 10 


(d) Solve for x 
x = 10 х 0:4748 = 4-748 
x — 4-75 cm (3 significant figures) 


Example 2 
Find the side marked z. 
(a) Label H, O, A. (А) 
Ж v 
7-4 cm 
(О) а) 
7:4 


їп 31-3° = 9. 74 
(b) sin 31:3 та. 
(c) Multiply Бу г. 

z X (sin 31:3?) = 7:4 
7:4 
sin 31:3 
(d) On a calculator, press the keys as follows: 


[7-4] [=] [31:3] [sin] [=] 


z — 14:2 cm (to 3 s.r.) 


2 = 
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Exercise 2 


In questions 110 22, find the length of the side 
marked with a letter. Give your answers to three 
significant figures. 


110 


~ 


a 
7 





17. 18. 





/ 


: 100 | v 
ý In questions 23 to 34, the triangle has a right angle at 
a the middle letter. 
23. п ДАВС, С = 40°, BC = 4 cm. Find AB 


24. In ADEF, Ё = 35-3°, DF = 7 cm. Find ED 
25. In AGHI, 1 = 70°, GI 12 m. Find HI 


9. 26. In AJKL, £ = 55°, KL = 8-21 m. Find JK 
27. In AMNO, М = 42-6", МО = 14 cm. Find ON 
50 28. In ДРОВ, P = 28°, РО = 5-071 m. Find PR 





29. In ASTU, 8 = 39°, TU = 6 cm. Find SU 

30. In AVWX, Х = 17, WV = 30-7 m. Find WX 

31. In AABC, A = 14*17', BC 14 m. Find AC 
< h - 32. In AKLM, R = 72*50', KL = 5-04 cm. Find LM 


33. In APOR, R = 31°43’, ОВ = 0-81 cm. Find PR 
4.176 34. In ДУХЕ, Х = 8194", YZ = 52-6 m. Find ХҮ 





6.1  Right-angled triangles 


Example 3 
Find the length marked x. 
В 











D 10 cm C 
(a) Find BD from triangle BDC 
, BD 
tan 32° = 10 
BD = 10 x tan 32° .. . [1] 
(b) Now find x from triangle ABD 
віп 38° = = 
BD 


х+ ВО х зп 38° 
x = 10 x tan 32? x sin 38 (from [1]) 
х 3:85 ст (to 3 s.F.) 


Notice that BD was not calculated from [1]. 
It is better to do all the multiplications at one 
time. 

Exercise 3 


In questions 1 to 10, find each side marked with a 
letter. 


1. 10 
22 BN 
y 





11. BAD = ACD = 90° 
CAD = 35° B 
BDA = 41° 
AD=20cm 
Calculate 
(a) AB 
(b) DC 
(c) BD 
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12. ABD = АБС = 90° 
CAD = 31? С 
BDA = 43° 
AD = 10 cm 
Calculate 
(a) AB 
(b) CD 
(c) DB 





Finding an unknown angle 


Example 4 

Find the angle marked m. : | 
4 

(a) Label Ше sides of the triangle 


Н, О, Ain relation 


(Н 
to angle т. 3 (О) 


4 (А) 


(b) In this example, we do not know ‘O’ so we 
need the cosine. 


ювт-(8)-3 
О НА 5 


(с) Сћапре : to a decimal: um 0-8 


5 5 
(d) cos т = 0:8 
Find angle т from Ше cosine table 
m = 36:99 


Note: On a calculator, angles can be found as follows: 


Исовт< 2 


(a) Press [+] [= | 


(b) Press and then 


This will give the angle as 36:86989765°. We 
require the angle to 1 place of decimals so 
m = 36-9", 


Exercise 4 


For questions 1 to 15, find the angle marked with a 
letter. All lengths are in cm. 


1. 2. 
5 
3 10 
7 


9. 10. 
7 
100 
9 


72 


6.1  Right-angled triangles 


15. 


In questions 16 to 20, the triangle has a right angle at 
the middle letter. 


16. In ДАВС, BC «4, AC- 7. Find А. 
17. In ADEF, ЕЕ = 5, DF = 10. Епа Ê. 
18. In AGHI, СН 29, HI = 10. Find f. 
19. In AJKL, JL = 5, KL = 3. Find J. 

20. In AMNO, MN = 4, МО = 5. Find М. 


In questions 21 to 26, find the angle x. 


21. / 
4 
7 
| 
1 


22. 
24. 


2-3 





0 
10 
85 


23. №27. 
0 
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Example 5 


А ship sails 22 km from А оп a bearing of 042^, 
and a further 30 km on a bearing of 090? to 
arrive at B. What is the distance and bearing of 
B from A? 


(a) Draw a clear diagram and label extra points 
as shown. 


North 





(b) Find DE and AD. 
ein бе DE 
(i) sin 42°= 55 
DE = 22 X sin 42? = 14-72 km 
р „АР 
(ii) cos 42° = 22 
AD = 22 х cos 42° = 16:35 km 
(c) Using triangle ABF, 
AB? = AF? + BF? (Pythagoras' 
Theorem) 
and АЕ= DE + ЕВ 
АЕ = 14-72 + 30 = 44-72 km 
апа ВЕ= AD = 16:35 km. 
AB? = 44-72? + 16-35? 
= 2267:2 


АВ = 47:6 km (to 3 s.r.) 


(d) The bearing of B from À is given by the 
angle DAB. 
But DAB - АВЕ. 


_ AF 4472 
tan АВЕ = ВЕ“ 16:35 


= 2.7352 
АВЕ = 69.9". 
В is 47-6 km from А on a bearing of 069-9°. 
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Part 6 Trigonometry 


Exercise 5 


In this exercise, start by drawing a clear diagram. 


1. 


A ladder of length 6 m leans against a vertical wall 
so that the base of the ladder is 2 m from the wall. 
Calculate the angle between the ladder and the 
wall. 


. A ladder of length 8 m rests against a wall so that 


the angle between the ladder and the wall is 31“. 
How far is the base of the ladder from the wall? 


. А ship sails 35 km on a bearing of 042°. 


(a) How far north has it travelled? 
(b) How far east has it travelled? 


. A ship sails 200 km on a bearing of 243.7". 


(a) How far south has it travelled? 
(b) How far west has it travelled? 





5. Find TR ЕРЕ = 10m Q 

and QT =7 m. / 

E 
P T R 
6. Find d. 
<— а —> 

7. An aircraft flies 400 km from a point О on a 

bearing of 025° and then 700 km on a bearing of 

080” to arrive а! B. 

(a) How far north of O is B? 

(b) How far east of O is B? 

(c) Find the distance and bearing of B from O. 
8. An aircraft flies 500 km on a bearing of 100? and 


then 600 km on a bearing of 160°. 
Find the distance and bearing of the finishing 
point from the starting point. 


For questions 9 to 12, plot the points for each question 
on a sketch graph with x- and y-axes drawn to the 
same scale. 


9. 


10. 


11. 


12. 


For Ше points A(5, 0) and В(7, 3), calculate Ше 
angle between AB and the x-axis. 

For the points C(0, 2) and D(S, 9), calculate the 
angle between CD and the y-axis. 

For the points A(3, 0), B(5, 2) and C(7, —2), 
calculate the angle BAC. 

For the points P(2, 5), Q(5, 1) and R(0, —3), 
calculate the angle POR. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


From Ше top of a tower of height 75 m, a guard 
sees two prisoners, both due West of him. If the 
angles of depression of the two prisoners are 10? 
and 17”, calculate the distance between them. 

An isosceles triangle has sides of length 8 cm, 

8 cm and 5 cm. Find the angle between the two 
equal sides. 

The angles of an isosceles triangle are 66°, 66° and 
48°. If the shortest side of the triangle is 8:4 cm, 
find the length of one of the two equal sides. 

A chord of length 12 cm subtends an angle of 
78-27 at the centre of a circle. Find the radius of 
the circle. 

Find the acute angle between the diagonals of a 
rectangle whose sides are 5 cm and 7 cm. 

A kite flying at a height of 55 m is attached to a 
string which makes an angle of 55? with the 
horizontal. What is the length of the string? 

A boy is flying a kite from a string of length 

150 m. If the string is taut and makes an angle of 
67° with the horizontal, what is the height of the 
kite? 

А rocket flies 10 km vertically, then 20 km at an 
angle of 15? to the vertical and finally 60 km at an 
angle of 26 to the vertical. Calculate the vertical 
height of the rocket at the end of the third stage. 
Find x, given 

AD = ВС - 6m. 


Find x. 





6.2 Scale drawing 


23. Ants can hear each other up to a range of 2 m. 
An ant А, 1 m from a wall sees her friend B about 
to be eaten by a spider. If the angle of elevation of 
B from A is 62^, will the spider have a meal or 
not? (Assume B escapes if he hears A calling.) 

24. A hedgehog wishes to cross a road without being 
run over. He observes the angle of elevation of a 
lamp post on the other side of the road to be 27? 
from the edge of the road and 15? from a point 
10 m back from the road. How wide is the road? If 
he can run at 1 m/s, how long will he take to 
cross? 

If cars are travelling at 20 m/s, how far apart must 
they be if he is to survive? 

25. From a point 10 m from a vertical wall, the angles 
of elevation of the bottom and the top of a statue 
of Sir Isaac Newton, set in the wall, are 40? and 
52. Calculate the length of the statue. 
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26. А rectangular paving stone 3 m by 1 m rests 


against a vertical wall as shown. 


1 


27° 


What is the height of the highest point of the stone 
above the ground? 


27. A rectangular piece of paper 30 cm by 21 cm is 


folded so that opposite corners coincide. How 
long is the crease? 


6.2 SCALE DRAWING 


Exercise 6 
Make a scale drawing and then answer the questions. 


1. A field has four sides as shown below 





75 m 


How long is the side x in metres? 

2. A destroyer and a cruiser leave a port at the same 
time. The destroyer sails at 38 knots on a bearing 
of 042? and the cruiser sails at 25 knots on a bearing 
of 315°. How far apart are the ships two hours 
later? 

3. Two radar stations A and B are 80 km apart and B 
is due East of A. 

One aircraft is on a bearing of 030° from A and 
346? from B. A second aircraft is on a bearing of 
325“ from А and 2937 from В. 

How far apart are the two aircraft? 


4. A ship sails 95 km on a bearing of 140^, then a 


further 102 km on a bearing of 260° and then 
returns directly to its starting point. Find the length 
and bearing of the return journey. 


. A control tower observes the flight of an 


unidentified flying object. 

At 09 23 the U.F.O. is 580 km away on a bearing of 
043“. 

At 09 25 the U.F.O. is 360 km away on a bearing of 
016*. 

What is the speed and the course of the U.F.O.? 
[Use a scale of 1 cm to 50 km] 


. Make a scale drawing of the diagram below and 


find the length of CD in km. 


24 km 21 km 


27 km 
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6.3 THREE-DIMENSIONAL PROBLEMS 





Always draw a large, clear diagram. It is often 2. A vertical pole BP stands at one corner of a 
helpful to redraw the triangle which contains the horizontal rectangular field as shown. 
length or angle to be found. P 


Af B 


A rectangular box with top WX YZ and base 
ABCD has AB = 6 cm, ВС = 8 cm and 5m 
WA = 3 ст. 


D 10m C 


If AB = 10 m, AD = 5 m and the angle of 
elevation of P from A is 22^, calculate 

(a) the height of the pole 

(b) the angle of elevation of P from C 





А (c) Ше length of a diagonal of Ше rectangle 
ABCD 
Calculate (d) the angle of elevation of P from D. 


(a) the length of AC 
(b) the angle between WC and AC. 


C 
(a) Redraw triangle ABC 3. "us = shown, find 
АС? = 6^ + 82 = 100 (b) AS P S 
(d) the angle SBD 
(e) the angle ASB 
6 B 
10 C 


A 


(b) Redraw triangle МАС w 
Let WCA 3 


0 
tan 0— 3 
0 = 16:7° 


The angle between WC and АС is 16-7". 





A 


4. In the cuboid shown, find 


Exercise 7 (a) WY А 5 
1. In the rectangular box shown, find (b) DY 
(a) AC (с) WD 
(b) AR (d) the angle WDY 
(c) the angle 
between AC 
and AR. 





6.3  Three-dimensional problems 


5. In the square-based 
pyramid, V is 
vertically above the 
middle of the base, 
АВ = 10 cm and 
VC + 20 cm. Find 
(a) AC 
(b) the height of the 

pyramid 
(c) The angle between VC and the base ABCD 
(d) the angle AVB 
(c) the angle AVC. 


6. In the wedge shown, PQRS is perpendicular to 
ABRQ; PORS and ABRQ are rectangles with 
АВ = OR 26m, ВВ =4т, RS=2 m. Find 
(a) BS (b) AS 
(c) angle BSR (d) angle ASR 
(е) angle PAS 


P 


B 


7. The edges of a box are 4 cm, 6 cm and 8 em. Find 
the length of a diagonal and the angle it makes 
with the diagonal on the largest face. 

8. In the diagram A, B and O are points in a 
horizontal plane and P is vertically above O, 
where OP = т. 


60 m 





A is due West of O, B is due South of O and 

АВ = 60 m. The angle of elevation of P from A is 
25° and the angle of elevation of P from B 15 33°. 
(a) Find the length AO in terms of /i 

(b) Find the length BO in terms of h 

(c) Find the value of A. 





10. 


1. 


12. 
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. The angle of elevation of Ше top of a tower is 38? 


from a point A due South of it. The angle of 
elevation of the top of the tower from another 
point B, due East of the tower is 29. Find the 
height of the tower if the distance AB is 50 m. 
An observer at the top of a tower of height 15 m 
sees a man due West of him at an angle of 
depression 31°. He sees another man due South at 
an angle of depression 17°. Find the distance 
between the men. 

The angle of elevation of the top of a tower is 27? 
from a point A due East of it. The angle of 
elevation of the top of the tower is 11? from 
another point B due South of the tower. 

Find the height of the tower if the distance AB is 
40 m. 

The figure shows a triangular pyramid on a 
horizontal base ABC, V is vertically above B 
where VB = 10 cm, ABC = 90° and AB = BC= 
15 cm. Point M is the mid point of AC. 


Calculate the size of angle VMB. 
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64 THESINERULE —— 4 THE SINE RULE 


The sine rule enables us to calculate sides and 
angles in some triangles where there is not a 
right angle. 


In AABC, we use the convention that 








а is the side opposite А 
b is the side opposite B, etc. 
A 
с b 
B a C 
Sine rule 
a___6 с 
CHER snA sinB sin C zu 
- sin А sinB sin C [2] 
a b sd C а... 


Use [1] when finding a side, 
and [2] when finding an angle. 











Example 1 ^ 
Find c. 
с _ b 
sin С sin B 
E A D 
sin 50° sin 60? 
.7Xsin50 _ 
с=с 602 = 6-19 cm (3 s.F.) 


Although we cannot have an angle of more than 
90° in a right-angled triangle, it is still useful to 
define sine, cosine and tangent for these angles. 
For an obtuse angle x, 
we have sin x = sin(180 — x) 
Examples sin 130? = sin 50? 

sin 170? — sin 10? 

sin 116° = sin 64? 
Most people simply use a calculator when finding 
the sine of an obtuse angle. 











Example 2 
Find B. 
15 cm (a) 
sin B _ Sin А 
b a 
sr B. Sin ХЭТ (sin 120° = sin 60°) 
ЭРЭН ik X sin 60^ 
sin B= Ts 
sin B = 0-346 
= 20.3° 
Exercise 8 


For questions 1 to 6, find each side marked with a 
letter. 





6.5 The cosine rule 


7. In ДАВС, А = 61“, В = 47°, АС = 7-2 ст. 
Find BC. 

8. In AXYZ, 2 = 322, © = 78°, XY = 5:4 cm. 
Find XZ. 

9. In APOR, 6 = 100°, В = 21°, РО = 3-1 ст. 
Find PR. 

10. In ALMN, ( = 21°, Ñ = 30°, ММ =7 cm. 

Find LN. 


In questions 11 to 18, find each angle marked *. АП 
lengths are in centimetres. 


11. a 8 в 12. A 
72 
10 
100 Ув 
7 





6.5 THE COSINE RULE 


We use the cosine rule when we have either 
(a) two sides and the included angle or 
(b) all three sides. 


B 
( ~ 
A $ C 
There are two forms. 


1. To find the length of a side. 
a? = b^ + c? — (26с cos А) 
ог b^-c*- а? – (ас cos B) 
or с? = а? + b? — (2ab cos С) 
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19. 


20. 


21. 


22. 


In ДАВС, А = 62°, ВС = 8, АВ =7. 

Find С. 

In AXYZ, % =97-3°, XZ = 22, XY = 14. 
Find 2. 

In ADEF, б = 58°, EF = 7-2, DE = 5-4. 

Find Е. 

In ALMN, М = 127 1, LN = 11-2, LM =7:3. 
Find Г. 


. To find an angle when given all three sides. 


bj, + с? – а? 
2bc 

а? + с? – Б? 
2ас 

а? + b* — с? 
2ab 


cos A = 


or cos В = 


or cosC= 


For an obtuse angle x we have 


Examples 


cos x — —cos(180 — x) 


cos 120? = —cos 60? 
cos 142? = —cos 38? 
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Example 1 


B 
Find b. 22 





b? = а? + c? — (2ac cos B) 

b? = 8? + 52 — (2 x 8 x 5 x cos 112°) 
b? = 64 + 25 — [80 x (—0-3746)] 

b? — 64 + 25 + 29-968 

(Notice the change of sign for the obtuse angle) 


b = V (118-968) = 10-9 cm (to 3 s.r.) 


Example 2 : 6 ё 
Find angle С. 
7 5 
cos с + 
2 a 2 4 
9 d. Ч 
Ича 0 
С = 78:5? 

Exercise 9 
Find the sides marked *. 

1. В 2 А * C 

; Ч 7 8 
А 
А 7 С U 
B 
3 A 4 P 
* 5 * 
11 
М 
В 8 Со 
10 — \ 
R 





N 


7. In ДАВС, AB = 4 ст, АС =7 ст, А = 577. 
Епа ВС. 
8. In AXYZ, XY = 3 ст, YZ = 3 ст, € = 90°. 
Ета XZ. 
9. In А ММ, LM = 5:3 ст, MN = 7-9 ст, M = 127°. 
Find LN. 
10. In ^ POR, О = 117°, РО = 80 cm, OR = 100 cm. 
Find PR. 


In questions 11 to 16, find the angles marked *. 





C 
13 D 14 L 
5 5.2 
12 
А T 11 
3 8 
F N 
15. X 4 Z 16 L 12 


5 
K 


17 
18 
19 
20 
21 
22 
23 
24 


6.5 The cosine rule 


. п ДАВС, a = 4:3, b = 7:2, с= 9. Find С. 

. In ADEF, d = 30, e = 50, f = 70. Find Е. 

. In ДРОВ, p=8, =14, r=7. Find О. 

. In ALMN, /=7, m=5,n=4. Find Ñ. 

. In AXYZ, x 25:3, у= 67, z = 6:14. Find 2. 

. In AABC, а = 4-1, c = 6:3, = 112°10’. Find b. 

. In АРОК, г = 0:72, р = 1:14, Ө = 94°33". Find а. 

. In ALMN, n = 7:206, /= 6-3, С = 51°10’, Ñ = 63°. 
Find m. 


Example 3 


A 


ship sails from a port P a distance of 7 km on a 


bearing of 306? and then a further 11 km on a 
bearing of 070° to arrive at X. Calculate the 
distance from P to X. 


North 


North 





PX? = 7 + 11? – (2 x 7 x 11 x cos 56°) 
= 49 + 121 — (86-12) 

РХ? = 83-88 

PX = 9-16 km (to3s.F.) 


The distance from P to X is 9:16 km. 


Exercise 10 


Start each question by drawing a large, clear diagram. 


1 


2. In triangle LMN М = 84°, LM =7 m and ММ = 9 m. 


. In triangle РОВ О = 72°, Ё = 32? and PR = 12 ст. 
Find PQ. 


Find LN. 


3. A destroyer D and a cruiser C leave port P at the 


same time. The destroyer sails 25 km on a bearing 
040* and the cruiser sails 30 km on a bearing of 
320”, How far apart are the ships? 


4. Two honeybees A and B leave the hive H at the 


same time; À flies 27 m due south and B flies 9 m 
on a bearing of 111°. How far apart.are they? 


5. Find all the angles of a triangle in which the sides 


are in the ratio 5:6:8. 


10. 


П. 


12. 


13. 


. Find (а) AE 
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. А golfer hits his ball B a distance of 170 m on a hole 


H which measures 195 m from the tee T to the 
green. If his shot is directed 10° away from the true 
line to the hole, find the distance between his ball 
and the hole. 


. From A, B lies 11 km away on a bearing of 041? and 


C lies 8 km away on a bearing of 341°. Find 
(a) the distance between B and C 
(b) the bearing of B from C. 


. From a lighthouse L an aircraft carrier А is 15 km 


away on a bearing of 112? and a submarine S is 
26 km away on a bearing of 200°. Find 

(a) the distance between A and S 

(b) the bearing of A from S. 


(b) ЕАС 
If the line BCD is 
horizontal, find 
the angle of elevation 
of E from A. 





An aircraft flies from its base 200 km on a bearing 

162°, then 350 km on a bearing 260°, and then 

returns directly to base. Calculate the length and 

bearing of the return journey. 

Town Y is 9 km due north of town Z. Town X is 

8 km from Y, 5 km from Z and somewhere to the 

west of the line YZ. 

(a) Draw triangle XYZ and find angle YZX 

(b) During an earthquake, town X moves due 
south until it is due west of Z. Find how far it 
has moved. 

Calculate WX, given YZ = 15 m. 


W 





А golfer hits her ball a distance of 127 m so that it 
finishes 31 m from the hole. If the length of the hole 
is 150 m, calculate the angle between the line of her 
shot and the direct line to the hole. 
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14. (a) Find the sine of all the angles 0°, 10°, 20°, 30°, 
... 350°, 360°. 
(b) Draw a graph of y = sin x for 0° = x = 360°. Use 
a scale of 1 cm to 20? on the x-axis and 
5 cm to 1 unit on the y-axis. 
15. (a) Find the cosine of all the angles 0°, 10°, 20^, 
30°, ... 350°, 360°. 
(b) Draw a graph of y = cos x for 0? = х = 360°, 
Use a scale of 1 cm to 20° on the x-axis and 
5 ст to 1 unit on the y-axis. 


REVISION EXERCISE 6A 


16. Draw a graph of y = tan x for 0° = x = 360°. Use 
a scale of 1 cm to 20° on the x-axis and 1 cm to 
1 unit on the y-axis. 

17. Use the graphs in questions 14. 15, 16 to find 
approximate solutions to the equations 
(a) sinx =0-3 
(b) cos x = 0-75 
(c) tan x 22:5 





1. Calculate the side or angle marked with a letter. 


(a) (b) 
10 cm 5 ст 
В cm 
7 ст 
(с) < - @ 
| и 
74 ст 


с 


2. Given that x is an acute angle and Ша! 
3 tan x — 2 = 4 cos 35-3? 


calculate 
(a) tanx 
(b) the value of x in degrees correct to 1 D.P. 
3. In the triangle XYZ, XY = 14 cm, XZ = 17 cm 
and angle YXZ = 25°. A is the foot of the 
perpendicular from Y to XZ. Calculate 
(a) the length XA (b) the length YA 
(c) the angle ZYA 
4. Calculate the length 
of AB. 





5. (а) A lies on a bearing of 040° from В. 
Calculate the bearing of B from A. 
(b) The bearing of X from Y is 115*. 
Calculate the bearing of Y from X. 
6. Given BD = | m, calculate the length AC. 


LM 
B C D 
7. In the triangle POR, angle POR = 90° and angle 
RPQ = 31°. The length of PQ is 11 cm. Calculate 
(a) the length of OR 
(b) the length of PR 
(c) the length of the perpendicular from Q to PR. 


8. BAD = DCA = 90°, CAD = 32.4, BDA = 41? and 
AD = 100 cm. 


B 





Calculate 

(a) the length of AB 
(b) the length of DC 
(c) the length of BD. 


10. 


11. 


Revision exercise 6A 


‚ An observer at the top of a tower of height 20 m 


sees a man due East of him at an angle of 
depression of 27°. He sees another man due South 
of him at an angle of depression of 30°. Find the 
distance between the men on the ground. 

The figure shows a cube of side 10 cm. 





Calculate 

(a) the length of AC 

(b) the angle YAC 

(c) the angle ZBD. 

The diagram shows a rectangular block. 
AY = 12 ст, AB=8cm, ВС =6cm. 





Calculate 
(a) the length YC 
(b) the angle YAZ 


12. 
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VABCD is a pyramid in which the base ABCD is 
a square of side 8 cm; V is vertically above the 
centre of the square and 

УА = УВ = VC = VD = 10 ст. 

Calculate 

(a) the length AC 

(b) the height of V above the base 

(c) the angle УСА. 


Questions 13 to 18 may be answered either by scale 
drawing or by using the sine and cosine rules. 


13. 


14. 


15. 


16. 


17. 


18. 


Two lighthouses A and B are 25 km apart and A is 
due West of B. A submarine 5 is on a bearing of 
137? from А and on a bearing of 170? from B. Find 
the distance of S from A and the distance of S 
from B. 

In triangle POR, РО = 7 cm, PR = 8 cm and 

QR = 9 cm. Find angle OPR. 

In triangle XYZ, XY =8 m, € = 57° and 2 = 50°. 
Find the lengths YZ and XZ. 

In triangle ABC, A = 22? and С = 44°. 


i . BC 
Find the ratio АВ: 


Given cos АСВ = 0:6, AC = 4 cm, BC = 5 ст and 
CD = 7 cm, find the length of AB and AD. 


A 


Ж 
B 5 cm C 7 cm D 


Find the smallest angle in a triangle whose sides 
are of length 3x, 4x and 6x. 
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EXAMINATION EXERCISE 6B 





1. For the diagram shown, 
(a) calculate the value of 8, 
(b) calculate the value of r. 





2. In the diagram, РОК represents a horizontal plot of land. PS = 20 т, 
SQ = 30 m, angle PSQ = 90°, angle OSR = 63? and angle ORS = 90°. 


Calculate, correct to two significant figures, 

(a) the length of PQ, 

(b) the length of OR, 

(c) the length of RS, 

(d) the area of the plot of land PORS. [M] 


3. The diagram shows the end view of a household newspaper rack. 


(a) Use the information given in the diagram to calculate the size of the angle 
P^, giving your answer correct to the nearest degree. 
(b) Calculate the value of x, giving your answer correct to one decimal place. 


[N] 





4. At 3.00 p.m. a ship is observed at A, 6 km due South of a lighthouse, L. The 
ship maintains a constant speed on a bearing of 060° and reaches a point B, due 
East of the lighthouse at 3.40 p.m. C is the point on the ship’s path which is 
nearest to L. 

(a) Draw a sketch showing the positions of A, L, B and C and calculate the 
distance LC, correct to 2 significant figures. 

(b) Find the distance AC. 

(c) Find the time at which the ship reaches C. [M] 


5. Two lookout posts, A and B on a straight coastline running East-West sight a 
ship (S) on a bearing 067° from A and 337° from B. 


F 
= 


N 





(a) Explain why angle ASB is 90°. 
The distance from A to B is 5 kilometres. 
(b) Calculate the distance of the ship from A. 
(c) Calculate the distance of the ship from B. 
The ship sails on a course such that angle ASB is always 90°, 
(d) Describe the path the ship must take. 
(е) What is the bearing of the ship from А (to the nearest degree) when it is 
3 kilometres from it? [S] 


Examination exercise 6B 


T 


D A 
30 cm 
C B 


40 cm 


| 








135 
6. The diagram shows a pyramid with a rectangular horizontal base, ABCD, and a 
vertex, T, which is vertically above the point А. The length of AB is 30 cm and 
the length of BC is 40 cm. The size of angle ADT is 55:97, 
Calculate, giving your answers correct to 3 significant figures, 
(a) the length of AT. (b) the size of the angle TCA. [N] 


. The figure shows a sketch map of an island. The lighthouse L is 25 km due North of 


Репреап (P) and the Mount (М) is 96 km due West of Portpearl. 


(a) Calculate, to the nearest kilometre, the distance of the lighthouse from the 
Mount. 

(b) Calculate to the nearest degree, the size of angle LMP, and hence find the 
bearing of L from M. 

The Quay (О) is 20 km from the Mount on a bearing of 125°. The Rooftop 

Hotel (R) is due North of the Quay and due East of the Mount. 

(c) Draw a rough sketch of АМКО and mark on it the length of МО and the 
size of each of its three angles. 

(d) Calculate, in km, to 1 decimal place, the distance of the Rooftop Hotel from 
(i) the Mount, (ii) The Port. [L] 


. From a point A, a ship sails 200 km due North to a point B. It then changes 


course and sails 100 km due East to a point C. From C it sails 100 km on a 
bearing of 210? to a point D. 
(1) On graph paper. and using a scale of 1 cm to represent 10 Кт, make a scale 
drawing of the ship's course. 
(ii) Use your scale drawing to find the distance, in km, of D from A in a straight 
line. 
(iii) Use your protractor to find the bearing of D from A. [N] 


. The diagram shows an Egyptian pyramid of height 150 m and square base 


ABCD of side length 240 m. V is the vertex of the right pyramid, E and F are 
the mid-points of AB and DC respectively and X is the point of intersection of 
the diagonals of the square base. 


(a) A tunnel to the burial chamber runs directly from A to X. Find the length of 
the base of this tunnel correct to 3 significant figures. 

(b) As a tourist attraction, young Egyptians run from the base to the top V of 
the pyramid. If Abdi runs from F directly to V and Abda runs from A 
directly to V, what angles to the horizontal do each of their paths make? 

[W] 
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10. 


12. 






Not to scale 


The diagram shows a bicycle. When it stands on horizontal ground, CB is also 

horizontal and D is 26 cm above the ground. 

Angle BCD = 72° and ВА is parallel to CD. 

АВ = 5 cm, BC = 58 cm and CD = 50 cm. 

(a) Make an accurate scale drawing of ABCD, one fifth of full size. 

(b) Using your drawing, find the total length of tubing needed to construct 
ABCD. 

(c) A tall man requires a cycle with its saddle 1 m above the ground. The saddle 
of this cycle can be raised to be 22 cm vertically above BC. Is it big enough 
for him? Show the measurement which you take from your drawing to 
answer this. [M] 


. The figure shows a vertical flagpole CT, of height 11-2 m, situated at the corner 


C of a horizontal square plot ABCD. The angle of elevation of the top of the 
flagpole T from A is 19°. 


(a) Calculate, in metres to one decimal place, the length of AC. 
(b) Show that the length of the side of the square is approximately 23 m. 
(c) A point E is marked on AD so Ша! the angle ACE 15 20°. 
Find: 
(1) the length of EC to 2 decimal places, 
(ii) the angle of elevation of T from E to the nearest degree. [L] 


The diagram represents two fields ABD and BCD in a horizontal plane ABCD. 
AB = 270 m, BD = 250 m, angle ABD = 57°, angle BCD = 37? and angle 
CBD - 93*. 





A vertical radio mast BT stands at the corner B of the fields and the angle of 
elevation of T from A is 5“. 
Calculate, correct to three significant figures, 
(a) the height of the radio mast, 
(b) the length of AD. 
(c) the length of BC, 
(d) the area, in hectares, of the triangular field ABD. 
(1 hectare — 10* square metres.) [M] 





71 DRAWING ACCURATE GRAPHS 


Example 1 


Draw the graph of y = 2x — 3 for values of x from 
—2 to +4. 


(a) The coordinates of points on the line are 
calculated in a table. 





(b) Draw and label axes using suitable scales. 

(c) Plot the points and draw a pencil line 
through them. Label the line with its 
equation. 





Rene Descartes (1596—1650) was one of the greatest 
philosophers of his time. Strangely his restless mind only 
found peace and quiet as a soldier and he apparently 
discovered the idea of 'cartesian' geometry in a dream 
before the battle of Prague. The word ‘cartesian’ is derived 
from his name and his work formed the link between 
geometry and algebra which inevitably led to the 
discovery of calculus. He finally settled in Holland for ten 
years, but later moved to Sweden where he soon died of 
pneumonia. 
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Part 7 Graphs 


Exercise I 


Draw the following graphs. using a scale of 2 cm to 
| unit on the x-axis and | cm to | unit on the y-axis. 


Pam 


хоч г льо юэ 


. уж2дх+ | for -3«x <3 

. y=3x—4for -35x =3 

. у=2х— | for -3zx <3 

. y=8-—x for -2<x<4 

. y=10-— 2х Юг -2xx x4 
у isi —3<x<3 





. y=3(x —2) for -3ex«3 
. у= 5х +4 for –3<х <3 
· v=2t—3 for -2<1<4 

„г 12-31Ююг-2<1<4 


In each question from 11 to 16, draw Ше graphs оп 
the same page and hence find the coordinates of the 
vertices of the polygon formed. Give the answers as 
accurately as your graph will allow. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


(a) y 2x (b уж8-4х (с) у=4х 
Take —1=х = 3 апа –4 = у = 14. 

(а) у=2х+1 (5) y=4x-8 (с) y=l 
Take 0 x € 5 and —8 <£ y < 12. 

(a) y 23x (b y25-x (с) узх-4 
Take -2«x «5 and -9<у< 8. 

(а) ул-х (b) y=3x+6 (с) y=8 
(d) х=35 

Take –2 = х «5 and –б=у = 10. 

(а) y ==(х — 8) (b) 2x фу=6 

(c) у= 4(x * 1) 

Take -3 =х< 4 апа -7xyx7 

(а) y 22x + 7 (b) Зх фу = 10 
(с) у= х |) (d) гу +х= 4 


Take -2 sx = Аапа О <у = 13. 

The equation connecting Ше annual mileage, 

M miles, of a certain car and the annual running 

cost, £C is C — 2 + 200. 

Draw Ше graph for 0 = M = 10000 using scales of 

1 cm for 1000 miles for M and 2 cm for £100 for C. 

From the graph find 

(a) thecostwhentheannual mileageis 7200 miles, 

(b) the annual mileage corresponding to a cost of 
£320. 





The equation relating the cooking time г hours and 
the weight w kg for a joint of meat is / = = | 


Draw Ше graph for О = w <5, From Ше graph find 

(a) the weight of a joint requiring a cooking time 
of 2:8 hours, 

(b) the cooking time for a joint of weight 4-4 kg. 


19. Some drivers try to estimate their annual cost of 


repairs £c in relation to their average speed of 

driving s km/h using the equation c = 65 + 50. 

Draw the graph for 0 = s = 160. From the graph 

find 

(a) the estimated repair bill for a man who drives 
at an average speed of 23 km/h, 

(b) the average speed at which a motorist drives if 
his annual repair bill is £1000, 

(c) the annual saving for a man who, on returning 
from a holiday, reduces his average speed of 
driving from 100 km/h to 65 km/h. 


20. The value of a car £v is related to the number of 


miles n which it has travelled by the equation 
n 

у 4500 — 20: 

Draw the graph for 0 = n = 90000. From the graph 

find 

(a) the value of a car which has travelled 3700 
miles, 

(b) the number of miles travelled by a car valued 
at £3200, 

(c) the decrease in value of a car when the 
mileometer reading changes from 28100 to 
35700. 
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7.2 GRADIENTS 


The gradient of a straight line is a measure of Exercise 2 


how steep it is. Calculate the gradient of the line joining the following 


pairs of points. 








Example 1 | 
Find the gradient of the line joining the points я E Di " uS а 
A (1, 2) and B (6, 5). 5. (-2, -1)(0, 0) 6. (7, 5)(1, 6) 
7. (2, ~3)(1, 4) 8. (0, , AC —2, 0) 
9. (5, 1), 2) 10. (5, 1)(0, -1) 
M. (3. 1, 2)(3: :2, 2-3) 12. (—7, 10)(0, 0) 
13. (5, 1)(5,2) 14. (3, 4)(—2, 4) 
15. (2, 5)(1:3, 5) 16. (2, 3), 7) 
17. (-1, 4)(-1, 7-2) 18. (2:3, —2:2)(1-8, 1-8) 
19. (0-75, 0)(0-375, —2) 20. (17-6, 1)(1:4, 1) 
21. (a, b)(c, d) 22. (m, n)(a, —b), 
23. (2a, /)(а, —f) 24. A —k)(k, ЗК) 
cd 
25. (m, 3n)(—3m, Зп) 26. 7 —d 1” 2) 
gradient of АВ - ВС 3 In questions 27 and 28, find the gradient of each 
AC 5 straight line. 
It is possible to use the formula 27 
аре difference in y-coordingtes 
B difference in x-coordinates ' 
Example 2 
Find the gradient of the line joining the points 
D (1, 5) and E (5, 2). 
28. 
2952. 3 3 29. Find the value of a if the line joining Ше points 
gradient of DE — 1-5 -4 4 (3a, 4) and (a, —3) has a gradient of 1. 
30. (a) Write down the gradient of the line joining 
Note | l | the points (2m, n) and (3, —4), 
(a) Lines which slope upward to the right have a (b) Find the value of n if the line is parallel to the 
positive gradient. x-axis, 
(b) Lines which slope downward to the right (c) Find the value of т if the line is parallel to the 


have a negative gradient. y-axis. 
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7.3 THE FORM у =тх+ с 


When the equation of a straight line is written in 
the form y = mx + с, the gradient of the line is т 
and the intercept on the y-axis 15 с. 


Example 1 


Draw the line y = 2x + 3 on a sketch graph. 


The word 'sketch' implies that we do not plot a 
series of points but simply show the position and 
slope of the line. 





The line у = 2x + 3 has a gradient of 2 and cuts 
the y-axis at (0, 3). 


Example 2 
Draw the line x + 2y — 6 = 0 on a sketch graph. 


(a) Rearrange the equation to make y the 


subject. 
х+2у-6<0 
дуж-х+6 
у= —5х+3. 


(b) The line has a gradient of —3 and cuts the 
y-axis at (0, 3). 





Exercise 3 


In questions 1 to 20, find the gradient of the line and 
the intercept on the y-axis. Hence draw a small sketch 
graph of each line. 


1. y 2x + 3 2. y2x-2 

3. y 22x + 1 4. y 22x - 5 
S. y=3x+4 6. у-1х+6 

7. у= Зх -2 8. y 22x 

9, =ix-4 10. у= —x +3 
]1. у=6б- 2х | 12. у=2-х 

13. у+2х=3 14. 3x+y+4=0 
15. 2y-x=6 16. З)3+х-9+0 
17. 4х- у= 5 18. 3x – 2у = 8 
19. 10x —y 20 20. у-4=0 


Finding the equation of a line 


Example 3 


Find the equation of the straight line which 
passes through (1, 3) and (3, 7). 


(a) Let the equation of the line take the form 


у= тх + с. 
The gradient, т=22=2 
so we may write the equation as 
у=2х+с .. [1] 


(b) Since the line passes through (1, 3), 
substitute 3 for y and 1 for x in [1]. 


3=2х1+с 
l=c 


The equation of the line 15 y = 2x + 1. 


Exercise 4 
In questions 1 to 11 find the equation of the line which 


. Passes through (0, 7) at a gradient of 3 

. Passes through (0, —9) at a gradient of 2 
. Passes through (0, 5) at a gradient of —1 
. Passes through (2, 3) at a gradient of 2 

. Passes through (2, 11) at a gradient of 3 
. Passes through (4, 3) at a gradient of — 1 
. Passes through (6, 0) at a gradient of $ 

. Passes through (2, 1) and (4, 5) 

. Passes through (5, 4) and (6, 7) 

. Passes through (0, 5) and (3, 2) 

. Passes through (3, —3) and (9, —1) 


про = 


== Ow О0О У C^ 


ша жи 


7.4 SCATTER DIAGRAMS 


A scatter diagram is a graph which is plotted to 
see if there is any relationship between two sets 
of data. 


Example. Each month the average outdoors 
temperature was recorded together with the 
number of therms of gas used to heat the house. 
The results are plotted on the scatter diagram 
below. 


м м RÀ 
о к oO o BG 


Temperature (°С) 
© 


ю & O о 





10 20 30 40 50 
Therms uscd 


Clearly there is a high degree of correlation 
between these two figures. British Gas do in fact 
use weather forecasts as their main short-term 
predictor of future gas consumption over the 
whole country. 

A line of best fit has been drawn. 

We can estimate that if the outdoor temperature 
was 12°C then about 17 therms of gas would be 
used. 


Exercise 5 


In questions 1 and 2 draw a scatter diagram and put in 
the line of best fit. 


1. The marks of 7 pupils in the two papers of a physics 
examination were as follows 


Paper 1 20 32 40 60 71 80 91 
Paper2.| 15 25 40 50 64 75 84 


A pupil scored a mark of 50 on paper 1. What 
would you expect her to get on paper 2? 
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2. The table shows (a) the engine size in litres of 


6 


various cars and (b) the distance travelled on one 
litre of petrol. 


0-8 
Distance| 13 


Engine 


16 26 10 21 13 18 
102 5-4 12 78 112 85 


A car has a 3 litre engine. How far would yow 
expect it to go on one litre of petrol? 





. What sort of pattern would you expect if you took 


readings of the following and drew a scatter 
diagram? 

(a) cars on roads; accident rate. 

(b) sales of perfume; advertising costs. 

(c) birth rate; rate of inflation. 

(d) petrol consumption of car; price of petrol. 


. In an experiment, the following measurements of 


the variables q and г were taken. 
1-0 15 20 25 
{| 385 50 61 


4 | 05 


3-0 
7-0 7.75 9-1 


A scientist suspects that д and г are related Бу 

an equation of the form t = mq + c, (m and c 
constants). Plot the values obtained from the 
experiment and draw the line of best fit through the 
points. Plot q on the horizontal axis with a scale of 
4 cm to 1 unit, and / on the vertical axis with a scale 
of 2 cm to 1 unit. Find the gradient and intercept 
on the ;-ахв and hence estimate the values of m 
and c. 


In an experiment, the following measurements of p 
and z were taken: 


z| 12 20 24 32 38 46 
p| 11:5 102 88 70 6 3-5 





Plot the points on a graph with z on the horizontal 
axis and draw the line of best fit through the points. 
Hence estimate the values of n and k if the 
equation relating p and 2 is of the form p = nz +k. 
In an experiment the following measurements of ! 
and z were taken: 


(| 141 2-12 2.55 3-0 3.39 3-74 





2| 3-4 3-85 435 48 53 575 


Draw a graph, plotting г? on the horizontal axis 
and z on the vertical axis, and hence confirm that 
the equation connecting / and г is of the form 

z = ті? + c. Find approximate values for m and c. 
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75 PLOTTING CURVES 


Example 1 Exercise 6 
Draw the graph of the function Draw the graphs of the following functions using a 
у= 2х2+х-6, for -3&x <3. scale of 2 cm for 1 unit on the x-axis and 1 cm for 1 


unit on the y-axis. 


1. y 2x? + 2х, Юг –3=х =3 
2. y =x? + 4х,юг-Зжх<3 
3, у 2x?- 3x, for -3« x «3 
4. y=x?+2, for -3<x<3 
5 у=52— 7, юг -3<x<3 
6 
7 
8 





.y2x^-x-2,for-3«xx3 

‚ y 2x? + 3х -9, for —4 <х «3 
. 22232 = = 

(c) Plot the points and draw a smooth curve ‚ yox’—3x—4, for -2xxx4 


| E 
through them with a pencil. 9. ужу -Sx T, forÜ sx «6 
10. у= 2х“ — бх, for -1«x«5 


(b) Draw and label axes using suitable scales. 


(d) Check any points which interrupt the _ 


= 2 пе -4< == 
smoothness of Ше curve. 11. у= 2х + 3x —6,for -ásx «2 


12. y = 3x? - бх + 5, for -1 «x «3 
(e) Label the curve with its equation. 13. уз2+х-х?, for -3<x <3 
14. Кх)=1—3х – х?, for -S<x <2 
15. f(x) =3 + 3x - x^, for -2<x<5 
16. f(x) =7 – Зх – 2х', for -3&x x3 
17. f(x) =6+х- 2х2, for -3«x <3 
| 18. /:х—>8+2х - Зх for -2<x <3 
са (7. ај лө : RENE : ERN: цомыг 19. f: x x(x — 4), for -1<x<6 
: : 20. f:x— (x + 1)2x – 5), for -3 sx «3. 


ро eee шэг он 
Ехатрїе 2 
Ој ен E 2 12 
| : у= 21 +х--6 : Draw the graph of y = +x — 6, for 
жеп Е : СЮ : Ins г. сете ханан ае хийхийг 1=х=8. 
Use Ше graph to find approximate values for 
Ir T ер фене не 2, 12 
(a) the minimum value of FS +х-6 
ЭГ пе EE NS А 22552 ја анд 12 
(b) the value of кт x — 6, when x = 2:25. 
P bee epe 2 нөөөмөрөөөө ebbe (c) the gradient of the tangent to the curve 


drawn at the point where x — 5. 


Here is the table of values. 










12 6 4 324 217115 58 


1 2 3 4 5 6 7 8 15 
—6 —6 —6 —6 -6 -6 -6 -6 -6 


7 2 1 114 227 35 35 





7.5  Plotting curves 


Notice that an 'extra' value of y has been 
calculated at x = 1:5 because of the large 
difference between the y-values at x = 1 and 
х= 2. 





ки ки "31413 а. 


(а) From Ше graph, Ше minimum value of 


1: +х-6 (i.e. y) is approximately 0-9. 


(b) At x 2:25, y is approximately 1-6. 


(c) The tangent AB is drawn to touch the curve 


at x — 5. 
BC 
The gradient of AB - AC 
СЕРЕ uu 
gradient 4751 = 2770 34 


It is difficult to obtain an accurate value for the 
gradient of a tangent so the above result is more 
realistically 'approximately 0-5”, 


Exercise 7 


Draw the following curves. The scales given are for 
one unit of x and y. 


1. у= х2, forü <x <6. 

(Scales: 2 cm for x, 3 cm for y) 

Find 

(a) the gradient of the tangent to the curve at 
x=2, 

(b) the gradient of the tangent to thie curve at 
x=4, 

(с) the y-value at x = 3-25. 


10. 


1. 


13. 


14. 


‚у= 
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. y2x^-3x,for -2<x<5. 


(Scales: 2 cm for x, 1 cm for y) 

Find 

(a) the gradient of the tangent to the curve at 
х= 3, 

(b) the gradient of Ше tangent to Ше curve at 
vsaki 

(c) the value of x where the gradient of the curve 
15 Zero. 


. y=5+3x-x?, for -2xx«5. 


(Scales: 2 cm for x, 1 cm for y) 

Find 

(a) the maximum value of the function 
5+3x-x?, 

(b) the gradient of the tangent to the curve at 
х= 2:5 

(c) the two values of x for which у = 2. 


: у= =, for 1 =х = 10. 


(Scales: 1 ст for x and y) 


: y=, for 1=х= 10. 


(Scales: 1 cm for x and y) 


12 
я у= = т, Юг0<х<8. 


(Scales: 2 cm for x, 1 cm for y) 


: ya, for –4 = х 3,5, 


(Scales: 2 ст for x, | cm for y) 





15 
У for -Cáxx 2, 
me 2 cm for x, 1 cm for y) 


for -3:5 жхх 4. 





TT 
(Scales: 2 cm for x and y) 
устай „(ог -3xx4. 
(Scales: 2 cm for x, 1 cm for y) 
х+8 
у= "E ,for0<x 8. 


(Scales: 2 cm for x and y) 


| уг Ююг-1<х<6. 


x42' 
(Scales: 2 cm for x and y) 


ys es, for l <x <7. 
(Scales: 2 cm for x, 1 cm for y) 
у= s, [ог 1=х=7. 


(Scales: 2 cm for x, 1 cm for y) 
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Part 7 Graphs 


15. y=2+x-7, for 1<x <7. 


16. 


17. 


18. 


19. 


20. 


(Scales: 2 cm for x and y) 
Find (a) the minimum value of y, 
(b) the y value when x = 5:5. 

у=х? — 2х2, for x « 4. 
(Scales: 2 cm for x, 3 cm for y) 
Find (a) the y value at x = 2:5 

(b) the x value at = 15 
у = w(x? + 2x + 20), for 3x <3. 
(Scales: 2 cm for x and y) 
Find 
(a) the x-value where х? + 2x + 20 = 0 
(b) the gradient of the tangent to the curve at 

х=2. 
Copy and complete the table for the function 
у=7- 5x — 2х2, giving values of y correct to one 
decimal place. 





Draw the graph, using a scale of 2 cm for x and 

1 cm for y. Find 

(a) the gradient of the tangent to the curve at 
х=-2.5, 

(b) the maximum value of y, 

(c) the value of x at which this maximum value 
occurs. 


x 
Draw the graph of y 872418 for —6=х= 6. 
(Scales: 1 cm for x, 10 cm for y) 
5000 
Draw the graph of Е — rx + 3x for 


10 = x = 80. (Scales: 1 cm to 5 units for x and 1 ст 

to 25 units for E) 

From the graph find, 

(a) the minimum value of E, 

(b) the value of x corresponding to this minimum 
value. 

(c) the range of values of x for which Е is less 
than 275. 


Exercise 8 


1. A rectangle has a perimeter of 14 cm and length 


x cm. Show that the width of the rectangle is 

(7 — x) cm and hence that the area A of the 

rectangle is given by the formula А = x (7 — x). 

Draw the graph, plotting x on the horizontal axis 

with a scale of 2 cm to 1 unit, and A on the 

vertical axis with a scale of 1 cm to 1 unit. Take x 

from 0 to 7. From the graph find, 

(а) the area of the rectangle when x = 2:25 ст, 

(b) the dimensions of the rectangle when its area 
is 9 ст”, 

(c) the maximum area of the rectangle. 

(d) the length and width of the rectangle 
corresponding to the maximum area. 

(e) what shape of rectangle has the largest area. 


. À farmer has 60 m of wire fencing which he uses 


to make a rectangular pen for his sheep. He uses a 
stone wall as one side of the pen so the wire is 
used for only 3 sides of the pen. 


Wall 


width x A 


| 


«—— —— length —> 


If the width of the pen is x m, what is the length 
(in terms of x)? 

What is the area A of the pen? 

Draw a graph with area A on the vertical axis and 
the width x on the horizontal axis. Take values of 
x from 0 to 30. 

What dimensions should the pen have if the 
farmer wants to enclose the largest possible area? 


. А ball is thrown in the air so that Е seconds after it 


is thrown, its height 4 metres above its starting 

point is given by the function A = 25t — 5/2. Draw 

the graph of the function for 0 = г <6, plotting t 

on the horizontal axis with a scale of 

2 ст to 1 second, and A on the vertical axis with а 

scale of 2 cm for 10 metres. Use the graph to find, 

(a) the time when the ball is at its greatest height, 

(b) the greatest height reached by the ball, 

(c) the interval of time during which the ball is at 
a height of more than 30 m. 


7.6 Interpreting graphs. 


4. The velocity v m/s of a missile / seconds after 
launching is given by the equation v = 54t — 27°. 
Draw a graph, plotting ¢ on the horizontal axis 
with a scale of 2 cm to 1 second, and v on the 
vertical axis with a scale of 1 cm for 10 m/s. Take 
values of t from 010 5. 

Use the graph to find 

(a) the maximum velocity reached, 

(b) the time taken to accelerate to a velocity of 
70 m/s, 

(c) the interval of time during which the missile is 
travelling at more than 100 m/s. 

5. Draw the graph of у 22*, [ог -4жх «4. 
(Scales: 2 cm for x, 1 cm for y) 

6. Draw the graph of y = 3“, for -3xx «3. 
(Scales: 2 cm for x, 3 cm for y) 

Find the gradient of the tangent to the curve at 
х=1. | 

7. Consider the equation у = = 


| 1 
As the denominator of 1 gets smaller, Ше 


answer gets larger. An ‘infinitely small’ 
denominator gives an 'infinitely Їагре” answer. 


We write бе 2с, 1 tends to an infinitely 
large number.’ 
Draw the graph of y -1 for x = —4, —3, –2, 


—], -0-5, 70:25, 0:25, 0:5, 1,2, 3, 4 
(Scales: 2 cm for x and y) 


7.6 INTERPRETING GRAPHS 


Exercise 9 


1. Kendal Motors hire out vans at a basic charge 
of £35 plus a charge of 20p per mile travelled. 
Copy and complete the table where x is the number 
of miles travelled and C is the total cost in pounds 


x 0 50 100 150 200 250 300 
C| 35 65 95 


10. 


11. 


12. 


13. 
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. Draw the graph of у = x + 1 for x = —4, –3, 


—2, —1, —0:5, —0-25, 0:25, 0.5, 1,2, 3, 4 
(Scales: 2 cm for x and y) 


. Draw the graph of y 2 x +5 for x = —4, —3, 


—2, —1, —0-5, —0-25, 0-25, 0:5, 1, 2, 3, 4 
(Scales: 2 cm for x, 1 ст for y) 


Draw the graph of y = =. for —45 x7, 


including x = —0-5, x = 0:5. 
(Scales: 1 cm to 1 unit for x and y) 
3 


Draw the graph of y + эс, for x = -1«x«7, 
includin ша са 
premo 


(Scales: 2 cm to 1 unit for x, 5 cm to 1 unit for y) 
(a) What is the maximum value of y? 
(b) At what value of x does y have its maximum 
value? 
4 
Draw the graph of y = for x = —1, ~$, —}, 
-1,0,4,1,3,1,1:5,2,2:5,3, 4, 5, 6, 7. 
(Scales: 2 cm to 1 unit for x, 5 cm to 1 unit for y) 
(a) For what values of x is the gradient of the 
function zero? 
(b) For what values of x is y 2 0-5? 
5 
Draw the graph of y — са 
Choose the values of x which best illustrate the 
interesting behaviour of the function in the region 
of the origin. 


Draw a graph of C against x, using scales of 2 cm 

for 50 miles on the x-axis and 1 cm for £10 on the 

C-axis. 

(a) Use the graph to find the number of miles 
travelled when the total cost was £71. 


(b) What is the formula connecting C and x? 


Part 7 Graphs 


2. A car travels along a motorway and the amount of 


petrol in its tank is monitored as shown on the 
graph below. 


= МЮ & дл CN з со ~ 


Petrol in tank (gallons) 





Distance in miles 


(a) How much petrol was bought at the first stop? 
(b) What was the petrol consumption in miles per 


3. A firm makes a profit of P thousand pounds from 
producing x thousand tiles. 
Corresponding values of P and x are given below 


x] 0 0-5 1-0 1-5 20 25 3-0 





Р|-10 075 20 275 30 275 20 


Using a scale of 4 cm to one unit on each axis, draw 

the graph of P against x. [Plot x on the horizontal 

axis]. Use your graph to find 

(a) the number of tiles the firm should produce in 
order to make the maximum profit. 

(b) the minimum number of tiles that should be 
produced to cover the cost of production. 

(c) the range of values of x for which the profit is 
more than £2850. 

4. A small firm increases its monthly expenditure on 
advertising and records its monthly income from 
sales. 






gallon: 
(i) before the first stop, Мо зог 
(ii) between Ше two stops? Expenditure (£)| 100 200 300 400 500 600 700 
(c) What was the average petrol consumption over Income (£) 280 450 560 630 680 720 740 


the 200 miles? D Ела isolate ane | 
After it leaves the second service station the car raw a graph to display this intormation. 
(a) Is it wise to spend £100 per month on 


encounters road works and slow traffic for the next АА 

20 miles. Its petrol consumption is reduced to 20 advertising? 

m.p.g. After that. the road clears and the car (b) Is it WASE to spend £700 per month? ‚ 
travels a further 75 miles during which time Ше (c) What is the most sensible level of expenditure 
consumption is 30 m.p.g. Draw the graph above on advertising? 
and extend it to show the next 95 miles. How much 

petrol is in the tank at the end of the journey? 


7.7 GRAPHICAL SOLUTION OF EQUATIONS 


Accurately drawn graphs enable us to find The table of values for y = 2x? — x — 3 is found. 
approximate solutions to a wide range of Note the ‘extra’ value at x =3. 

equations, many of which are impossible to 
solve exactly by ‘conventional’ methods. 


Example 1 


1 
2 
1 
2 
1 


Draw Ше graph of the function 


UJ ~ 


y-2x*-x-3 


for —2 <x = 3. Use the graph to find 
approximate solutions to the following 
equations. 


(а) 252-х-3-6 
(b) 2x?- x 2x ^5 





The graph drawn from this table is shown on 
the next page. 


77 Graphical solution of equations 





(a) To solve the equation 2x/ — x — 3 6, 
the line y = 6 is drawn. At the points of 
intersection (А and B), y simultaneously 
equals both 6 and (2x? — x — 3). 

So we may write 


2x*-x-3=6 


The solutions are the x-values of the points 
A and B. 
i.e. x = —1-9 and x = 2:4 approx. 


(b) To solve the equation 2x? — x = x + 5, we 
rearrange the equation to obtain the function 
(2x? — x — 3) on the left-hand side. 

In this case, subtract 3 from both sides. 


252-х-3-х-5-3 
2x*-x-3=x+2 


If we now draw the line у = x + 2, the 
solutions of the equation are given by the 
x-values of C and D, the points of 
intersection. 

i.e. х= —1-2 and x = 22 approx. 


It is important to rearrange the equation to be 
solved so that the function already plotted is on 
one side. 


Example 2 


Assuming that the graph of y = x^ — 3x + 1 has 
been drawn, find the equation of the line which 
should be drawn to solve the equation: 


х2-4х-3-0 
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Rearrange х? — 4х + 3 = 0 in order to obtain 
(х2 — 3x + 1) on the left-hand side. 


x^—4x 4320 
add x x?—3x 32x 
subtract2 x^—3x-12x—2 


Therefore draw the line y = x — 2 to solve 
the equation. 


Exercise 10 


1. In the diagram below, the graphs of 
у=х?—2х-—3,у= –2 and y = х have been 
drawn. 





Use the graphs to find approximate solutions to 
the following equations. 

(а) x -2x-32 -2 

(b) x^ -2x - 32x 

(с) x -2x -320 

(d) x? -22x- 120 
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Part 7 Graphs 


In questions 2 to 4, use a scale of 2 cm to 1 unit for x 
and 1 cm to | unit for y. 


2. Draw the graphs of the functions y = x? — 2x and 


у=х + 1 for -1 <x <4. Hence find approximate 
solutions of the equation x? — 2x =x + 1. 


. Draw the graphs of the functions y = x? — 3x + 5 


and y x + 3 for —1 < x = 5. Hence find 
approximate solutions of the equation 
x^-3x 4 5-x43. 


. Draw the graphs of the functions y = 6x — x? and 


yz2x-tlfor0xxs5. Hence find approximate 
solutions of the equation бх — x? = 2x + 1. 


In questions 5 to 9, do not draw any graphs. 


S. Assuming the graph of y = x? — 5x has been 


6 


* 


drawn, find the equation of the line which should 
be drawn to solve the equations 

(a) x? - 5x 23 (b) x? — 5x = -2 

(c) x? 5x 2x +4 (d) x -6x 0 

(e) x -5x 6-0 

Assuming the graph of y = x^ + x + 1 has been 
drawn, find the equation of the line which should 
be drawn to solve the equations 

(a) x^ - x - 126 (b) x? - x 1-0 

(c) x! *x - 320 (d) x? -x 120 

(e) x -x-3-20 


. Assuming the graph of y = 6x — x? has been 


drawn, find the equation of the line which should 
be drawn to solve the equations 

(а) 4+6х-х?-0 (b) 4x -x? 0 

(с) 2+5х-х? 0 (d) х-6х-3 

(e) х-6х--2 


Assuming Ше graph of y =x + : has been 


drawn, find the equation of the line which should 
be drawn to solve the equations 


4 4 
(a) xt -5=0 (b) —х=0 

4 4 
(c) х+ +0:2 (d) 2x+7—3=0 
(e) x7+4=3x 


. Assuming the graph of y = х? — 8x — 7 has been 


drawn, find the equation of the line which should 
be drawn to solve the equations 





(a) х-в+7 (b) 2x? = 16x +9 
(с) x2=7 (4) х= —— 

14 
(e) 2x —5 = 27 


For questions 10 to 14, use scales of 2 cm to 1 unit 
for x and 1 cm to 1 unit for y. 


10. 


11. 


12. 


13 


е 


14. 


15. 


16. 


17. 


Draw the graph of y = x? — 2х + 2 for -2<x «4. 
By drawing other graphs, solve the equations 
(а) x? -2x - 2-8 
(b) x*-2x+2=5-x 
(c) x^ -2x - 520 
Draw the graph of y = x? – 7x for0 < x « 7. Draw 
suitable straight lines to solve the equations 
(a) x? - 7x -920 
(b) x - 5x -120 
Draw the graph of y = x? + 4х + 5 for -6<x<1. 
Draw suitable straight lines to find approximate 
solutions of the equations 
(a) х + 3х-1+0 (b) х + 5х+ 20 
Draw the graph of y = 2х? + 3x - 9 for -3 s< x <2. 
Draw suitable straight lines to find approximate 
solutions of the equations 
(a) 2x? + 3х - 420 
(b) 2x? -2x -921 
Draw the graph of y = 2 + 3x – 2x? for -2<x «4. 
(a) Draw suitable straight lines to find 

approximate solutions of the equations, 

(1) 2+4х-2х? =0 

(ii) 2x? -3x -220 
(b) Find the range of values of x for which 

2 + 3х — 2х? = —5. 


Draw the graph of y = » for 1 £x = 10, using 


scales of 1 cm to one unit on both axes. Use the 
graph to solve approximately 


18 18 _ 
(а) у =х+2 (b) 13710 


(с) х? = 18 


Draw the graph of y = $x? — 6 for —-4<x <4, 

taking 2 cm to 1 unit on each axis. 

(a) Use your graph to solve approximately the 
equation $x? — 6 = 1. 

(b) Using tables or a calculator confirm that your 
solutions are approximately +V14 and 
explain why this is so. 

(c) Use your graph to find the square roots of 8. 

Draw the graph of y = 6 — 2x — 5х3 for x = +2, 

+15, +1, +1, 0. Take 4 ст to 1 unit for x and 

1 cm to 1 unit for y. 

Use your graph to find approximate solutions of 

the equations 

(a) 1x? + 2х-6+0 (b) x-3x? 20 

Using tables confirm that two of the solutions to 

the equation in part (b) are =: V2 and explain why 

this is so. 


7.8 Area under a curve 


18. Draw the graph ofyex 1 - 5 for x = 1, 13, 


2, 3, 4, 5, 6, 7, 8, taking 2 cm to 1 unit on each 
axis. 
(a) From your graph find the range of values of 


x for which x +129 


(b) Find an approximate solution of the equation 
2x — — 12 =0. 

19. Draw Ше graph of y = 2 sin x° + 1 for 0 < x = 180", 
taking 1 ст to 10? for x and 5 cm to 1 unit for y. 
Find approximate solutions to the equations 
(a) 2sinx -12 2:3 
(b) Quir] 77 

20. Draw the graph of y = 2 sin x° + cos x^ for 
0 = x < 180°, taking 1 cm to 10° for x and 5 cm to 
1 unit for y. 

(a) Solve approximately the equations 
(i) 2sin x - cos x = 1:5 
(й) 2 sin x + cos x = 0 

(b) Estimate the maximum value of y 

(c) Find the value of x at which the maximum 
occurs. 


7.8 AREA UNDER A CURVE 


It is sometimes useful to know the area under 

a curve. The method below, using trapeziums, 
gives an approximate value for the area but when 
a computer is used the answer can be found to a 
high degree of accuracy. 


Example 1 
Find an approximate value for the area under 


the curve y= » between x = 2 and x = 5. 


y 





21. Draw the graph of y 22" for —4 = x «4, taking 
2 cm to one unit for x and 1 cm to one unit for y. 
Find approximate solutions to the equations 
(a) 27-6 (b) 2" =3x (с) x2*=1 
Find also Ше approximate value of 22°. 


22. Draw the graph of y =i for Cá = x <4, taking 


2 cm to one unit on each axis. Find approximate 
solutions to the equations 


1 
(a) хэхэ 
(b) 2x? - x - 1-0 
x 
23. Draw the graph of y=" for —2<=x<6 


(including x = ++), taking 2 cm to one unit for x 

and 1 cm to one unit for y. 

(a) Find approximate solutions to the equation 
x 


E n 
Х 
(b) Find the range of values of x Юг which 


L2. 
X 2 


(a) Draw lines parallel to the y-axis at x — 2, 3, 
4, 5 to form three trapeziums. The area 
under the curve is approximately equal to 
the area of the three trapeziums А, B and С. 


(b) Calculate the values of y at x 22,3,4,5 


ах= 2, у= 9 = 

ах=3, у= #4 
atx=4, у= 2 = 3 
аіх= 5, у= = 2:4 


(c) Calculate the area of each of the trapeziums 
using the formula area = (а + b) A, where a 
and b are the parallel sides and A is the 
distance in between. 

Area А =5(6+4) х1 =5 sq. units 
Area В =2(4+3) х1 =3.5 sq. units 
Area C —3(3 + 2-4) x 1 = 2-7 sq. units 
Total area under the curve = (5 + 3-5 + 2:7) 
== 11:2 sq. units 
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Exercise 11 
1. Find an approximate value for the 


8 
area under the curve y = s between x = 2 and 
X = 5. 









2 3 4 5 х 


Divide Ше area into three trapeziums as shown. 
2. Find an approximate value for the area under the 


curve y — between х 0 and x = 4. 


12 
(x + 2) 





NS 


22 


0 Ї 2 3 4 х 


Divide the area into four trapeziums as shown. 


7.9 DISTANCE-TIME GRAPHS 


When a distance-time graph is drawn the 
gradient of the graph gives the speed of the 
object. 





3. Find an approximate value for the area under the 
curve y = бх — x? between x = 1 and x = 4. Divide 
the area into three trapeziums of equal width. 

4. (a) Sketch the curve у = 16 — x? for -4& x « 4. 
(b) Find an approximate value for the area under 

the curve у = 16 — x? between x = 0 and x = 3. 
(Divide the area into three trapeziums of 
equal width.) 

(c) State whether your approximate value is 
greater than or less than the actual value for 
the area. 

5. (a) Find an approximate value for the area under 

the curve у =x? + 2x + 5 between x = 0 and 
x = 4. Divide the area into four trapeziums. 





(b) State whether your approximate value is 
greater than or less than the actual value for 
the area. 


From O to A : constant speed 


A to B : speed goes down to zero 

B to C : at rest 

C to D : accelerates 

D to E: constant speed (not as fast as 
O to A) 
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Exercise 12 


1. The graph shows the journeys made by a van anda 100 
car starting at York, travelling to Durham and 
returning to York. 


80 
Е 
(а) For how long was the van stationary during the г ái 
journey? Ф 
(b) At what time did the car first overtake the уап? 5 
(c) At what speed was the van travelling between Е ыг 


09 30 апа 1000? 
(d) What was Ше greatest speed attained by Ше 20 
car during the entire journey? 
(e) What was the average speed of the car over its —— --- Mi 
entire journey? 08 00 09 00 1000 1100 12.00 
Time 





2. The graph shows the journeys of a bus and a car 
along the same road. The bus goes from Leeds to 
Darlington and back to Leeds. The car goes from 
Darlington to Leeds and back to Darlington. 


(a) When did the bus and the car meet for the 
second time? 60 

(b) At what speed did the car travel from 
Darlington to Leeds? 

(c) What was the average speed of the bus over its 
entire journey? 

(d) Approximately how far apart were the bus and 
the car at 09 45? 

(e) What was the greatest speed attained by the 
car during its entire journey? 


Distance in km 
A 
© 


UJ 
c 


20 


i i 
Фот Neeser nl 
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In questions 3, 4, 5 draw a travel graph to illustrate 
the journey described. Draw axes with the same scales 
as in question 2. 


3. 


(a) Mrs Chuong leaves home at 0800 and drives at 
a speed of 50 km/h. After 1 hour she reduces 
her speed to 40 km/h and continues at this 
speed until 09 30. She stops from 09 30 until 
1000 and then returns home at a speed of 60 
km/h. 

(b) Use the graph to find the approximate time at 
which she arrives home. 


. (a) Mr Coe leaves home at 0900 and drives at a 


speed of 20 km/h. After 3 hour he increases his 
speed to 45 km/h and continues at this speed 
until 1045. He stops from 1045 until 1130 and 
then returns home at a speed of 50 km/h. 

(b) Use the graph to find the approximate time at 
which he arrives home. 


(a) At 1000 Akram leaves home and cycles to his 
grandparents' house which is 70 km away. 
He cycles at a speed of 20 km/h until 11 15, at 
which time he stops for 5 hour. He then 
completes the journey at a speed of 30 km/h. 
At 1145 Akram's sister, Hameeda, leaves 
home and drives her car at 60 km/h. Hameeda 
also goes to her grandparents' house and uses 
the same road as Akram. 

(b) At approximately what time does Hameeda 
overtake Akram? 


. À boat can travel at a speed of 20 km/h in still 


water. The current in a river flows at 5 km/h so that 
downstream the boat travels at 25 km/h and 
upstream it travels at only 15 km/h. 





=== downstream 25 km/h 
———— —2 current 5 km/h 
=————— upstream 15 km/h 


eor 


The boat has only enough fuel to last 3 hours. 

The boat leaves its base and travels downsteam. 
Draw a distance-time graph and draw lines to 
indicate the outward and return journeys. 

After what time must the boat turn round so that it 
can get back to base without running out of fuel? 





. The boat in question 6 sails in a river where the 


current is 10 km/h and it has fuel for four hours. 
At what time must the boat turn round this time if 
it is not to run out of fuel? 


8. The graph shows the motion of three cars A, B and 
C along the same road. 


. distance КО ООШ CN 
along the road | 
. in metres 








5 10 


time in seconds 

Answer the following questions giving estimates 
where necessary. 
(a) Which car is in front after 

(i) 10s, (ii) 20s? 
(b) When is B in the front? ° 
(c) When are B and C going at the same speed? 
(4) When are А and С going at the same speed? 
(е) Which car is going fastest after 5s? 
(f) Which car starts slowly and then goes faster 

and faster? 


15 20 


. Three girls Hanna, Fateema and Carine took part 


in an egg and spoon race. Describe what happened, 
giving as many details as possible. 


: distance : | 





time in seconds 


7.10 SPEED-TIME GRAPHS 


20 






J 












10 20 


(A/W) 


The diagram is the speed-time graph of the first 
30 seconds of a car journey. Two quantities are 
obtained from such graphs: 

(a) acceleration — gradient of speed-time graph, 
(b) distance travelled — area under graph. 


30 time (5) 


In this example, 
(a) The gradient of line OA = 5 = 2. 


The acceleration in the first 10 seconds is 
2 m/s?. 


(b) The distance travelled in the first 30 seconds 
is given by the area of OAD plus the area of 
ABCD. 


Distance = (4 x 10 x 20) + (20 x 20) 
— 500 m. 


Exercise 13 


The graphs show speed v in m/s and time / in seconds. 
1. Find 
(a) the acceleration when f — 4, 
(b) the total distance travelled, 
(c) the average speed for the whole journey. 
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2. Find 
(a) the total distance travelled, 
(b) the average speed for the whole journey, 
(c) the distance travelled in the first 10 seconds. 
(d) the acceleration when ! = 20. 
V | 


30 


5 15 30 t 
3. Find 
(a) the total distance travelled, 
(b) the distance travelled in the first 40 seconds, 
(c) the acceleration when t = 15. 









10 30 50 


4. Find 
(a) V if the total distance travelled is 900 m, 
(b) the distance travelled in the first 60 seconds. 





30 90 


5. Find 
(a) T if the initial acceleration is 2 m/s”, 
(b) the total distance travelled. 
(c) the average speed for the whole journey. 


у 


16 


154 


Part 7 Graphs 


6. Given that the total distance travelled < 810 m, 
find 
(a) the value of V, 
(b) the rate of change of the speed when ! = 30, 
(c) the time taken to travel the first 420 m of the 
journey. 





12 26 40 t 


7. Given that the total distance travelled is 1-5 km, 
find 
(a) the value of V, 
(b) the rate of deceleration after 10 seconds. 


V 


60 


20 60 80 / 


8. Given that the total distance travelled is 1-4 km, 
and the acceleration is 4 m/s? for the first T 
seconds, find 
(a) the value of V, 

(b) the value of T. 





T 4T t 


9. Given that the average speed for the whole 
journey is 37-5 m/s and that the deceleration 
between T and 2T is 2-5 m/s?, find 
(a) the value of V, 

(b) the value of 7. 


у 


10. Given that Ше total distance travelled is 4 km and 
that the initial deceleration is 4 m/s?, find 
(a) the value of V, 
(b) the value of T. 





Exercise 14 


Sketch a speed-time graph for each question. 
All accelerations are taken to be uniform. 


1. Acar accelerated from 0 to 50 m/s in 9s. How far 
did it travel in this time? 

2. A motor cycle accelerated from 10 m/s to 30 m/s 

in 6s. How far did it travel is this time? 

3. A train slowed down from 50 km/h to 10 km/h in 

2 minutes. How far did it travel in this time? 

When taking off, an aircraft accelerates from 0 to 

100 m/s in a distance of 500 m. How long did it 

take to travel this distance? 

5. An earthworm accelerates from a speed of 

0-01 m/s to 0:02 m/s over a distance of 0-9 m. How 

long did it take? 

A car travelling at 60 m.p.h. is stopped in 

6 seconds. How far does it travel in this time? 

Give the answer in yards. [1 mile = 1760 yards]. 

7. A car accelerates from 15 m.p.h. to 60 m.p.h. in 
3 seconds. How many yards does it travel in this 
time? 

8. At lift-off a rocket accelerates from 0 to 
1000 km/h in just 10s. How far does it travel in 
this time? 

9. A coach accelerated from 0 to 60 km/h in 30s. 
How many metres did it travel in this time? 

10. Mr Wheeler was driving a car at 30 m/s when he 
saw an obstacle 45 m in front of him. It took a 
reaction time of 0-3 seconds before he could press 
the brakes and a further 2:5 seconds to stop the 
car. Did he hit the obstacle? 

11. An aircraft is cruising at a speed of 200 m/s. When 
it lands it must be travelling at a speed of 50 m/s. 
In the air it can slow down at a rate of 0-2 m/s". 
On the ground it slows down at a rate of 2 m/s’. 
Draw a velocity time graph for the aircraft as it 
reduces its speed from 200 m/s to 50 m/s and then 
to 0 m/s. 

How far does it travel in this time? 


4 


е 


7.11 Sketch graphs 


12. The speed of a train is measured at regular 
intervals of time from t = 0 to t= 60s, as shown 
below. 


18 0 10 203 40 50 60 
v m/s 0 10 16 197 222 2348 247 


Draw a speed-time graph to illustrate the motion. 

Plot t on the horizontal axis with a scale of 1 cm 

to 5s and plot v on the vertical axis with a scale of 

2 cm to 5 m/s. 

Use the graph to estimate: 

(a) the acceleration at t — 10, 

(b) the distance travelled by the train from г = 30 
to {= 60. 


7.11 SKETCH GRAPHS 


With a sketch graph we are concerned mainly 
with the shape of the graph. The sketch graph 
below illustrates the statement: 'Inflation, which 
has been rising steadily, is now beginning to fall’ 


rate of inflation 





Exercise 15 


]. Draw sketch graphs to illustrate the following 
statements: 

(a) Unemployment is still rising but by less each 
month. 

(b) The price of oil was rising more rapidly in 1983 
than at any time in the previous ten years. 

(c) The birthrate was falling but is now steady. 

(d) Unemployment, which rose slowly until 1980, 
is now rising rapidly. 

(e) The price of gold has fallen steadily over the 
last year. 

2. A car hire firm charges £10 per day plus 10р рег 
mile travelled. Draw a sketch graph showing 'miles 
travelled' across the page and 'total cost' up the 
page. 
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13. The speed of a car is measured at regular intervals 
of time from ! = 0 to г = 60s, as shown below. 


ts 0 10 20 30 40 50 60 
v m/s 0 13 32 6 101 165 230 


Draw a speed-time graph using the same scales as 

in question 11. Use the graph to estimate: 

(a) the acceleration at t = 30. 

(b) the distance travelled by the car from / = 20 to 
t — 50. 


3. (а) A car in a Grand Prix goes around the circuit 
shown. Draw a sketch graph showing speed 
against time for one lap of the circuit. [Not the 
first lap. Why not?] 


Start 


(b) Draw similar sketches for these circuits: 


(i) (ii) (iii) 
КВ 


4. (а) Ап ап! crawls at a constant speed along Ше 
line through two points А and B. Draw a 
sketch graph showing 'distance from A' against 
*distance from B'. 


> 


Ant e (В 


(b) Sketch a similar graph when Ше ant walks 
along a different path. 


® 
27 
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5. Mr Gibson organises a trip for pupils from his 7. (a) Water flows at a constant rate into the tank 
school. shown. Sketch a graph to show how the depth 
He hires a coach for £100 and decides to divide the of water d varies with time. 


cost equally between the pupils on the trip. 
Sketch a graph showing the ‘number of pupils’ 
across the page and the ‘cost per pupil’ up the 


Is it a linear graph? 


6. In a video recorder the tape passes the ‘heads’ at а 
constant speed. 


EE] |. 
(b) Draw sketch graphs of depth against time for 


tanks with the cross sections shown below. 
Water flows from the same pipe in each case. 


(ii) (iii) 


CE 0 
Sketch a graph showing how Ше radius of the tape 

on reel B varies during the 3 hours of a film being 

shown on the video. 








REVISION EXERCISE 7A 
1. Find the equation of the straight line satisfied by 4. In the diagram, the equations of the lines are 
the following points. y=3x, y=6, у = 10 – хапіу = 1х- 3. 
(а) х! 2 7 10 (6) x} 1 2 3 
У|-5 0 3 y79 11 


(с) x} 123 (9) x} 3 4 5 
у|8 6 4 yj 2 24 3 

2. Find the gradient of the line joining each pair of 
points 
(а) (3, 3)G, 7) (b) (3, 71)(7, 3) 
(с) (71. 4)(1, -3) (d) (2, 4)(-3, 4) 
(e) (0-5, -3)(0-4, -4) 

3. Find the gradient and the intercept on the y-axis 
for the following lines. Draw a sketch graph of 





each line. 
(a) y 22x - 7 (b) у=5- 4x 
(с) 2у=х+8 (d) 2у=10-х 


(e) y+2x=12 (f) 2x + 3y 224 Find the equation corresponding to each line. 


Revision exercise 7A 


5. [n the diagram, the equations of the lines are 


10. 


11. 
12. 


2у=х- 8, 2у+х= 8, 4y = 3x - 16 and 
ду + 3x = 16. 





Find the equation corresponding to each line. 


. Find the equations of the lines which pass through 


the following pairs of points, 
(a) (2, 1)(4, 5) (b) (0, 4), (=l; 1) 
(с) (2, 8)(-2, 12) (4) (0, 7)(-3, 7) 


. The sketch represents a section of the curve 
yzx?-2x-8. 
J 
B x 
A 
Calculate 


(a) the coordinates of А and of B, 
(b) the gradient of the line AB, 
(c) the equation of the straight line AB. 


. Find the area of the triangle formed by the 


intersection of the lines у = x, x + y = 10 and 
x = 0. 


. Draw Ше graph of y 27 — 3x – 2x? for -4 < x «2. 


Find the gradient of the tangent to the curve at the 
point where the curve cuts the y-axis. 


Draw the graph of y — E + Зх for 10 = x = 80. 
Find the minimum value of y. 
Draw the graph of y -1+ 25 for x 21,1, 1, 1, 14, 2, 3. 


Assuming that the graph of y = 4 — x^ has been 
drawn, find the equation of the straight line which 
should be drawn in order to solve the following 
equations 

(а) 4-Зх-х?+0 


(с) x -x * 720 


(b) 3(4— 5?) 20 
(d) 2-х-5. 


13. 


14. 


15. 


16. 


17. 
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Draw the graph of y = 5 — x? for -3€x «3, 

taking 2 cm to one unit for x and 1 cm to one unit 

for y. 

Use the graph to find 

(a) approximate solutions to the equation 
4-х-х“ = 0, 

(b) the square roots of 5, 

(c) the square roots of 7. 


Draw the graph огу == + 2 =3, forix <7, 


taking 2 ст to one unit for x and 1 ст to one unit 
for y. 
Use the graph to find 
(a) approximate solutions to the equation 
2x? — 10x +7 =0, 
(b) the range of values of x for which 


3 12x-3«8. 
x 


(c) the minimum value of y. 

Draw the graph of y = 4“ for -2<x <2. 

Use the graph to find 

(a) the approximate value of 477, 

(b) the approximate value of 4 >, 

(c) the gradient of the curve at x = 0, 

(d) an approximate solution to the equation 
4* — 10. 

The diagram is the speed-time graph of a bus. 
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(5) 


Calculate 

(a) the acceleration during the first 50 seconds, 

(b) the total distance travelled, 

(c) how long it takes before it is moving at 12 m/s 
for the first time. 


The diagram is the speed-time graph of a car. 
speed in m/s 





20 80 100 


time in seconds 
Given that the total distance travelled is 2-4 km, 
calculate 
(a) the value of the maximum speed V, 
(b) the distance travelled in the first 30 seconds of 
the motion. 
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EXAMINATION EXERCISE 7B 





; 9 : 
1. Given that y x complete the following table of values, stating the values, 


where appropriate, to two decimal places. 





(a) Draw the graph of y =? for lsx =9. 


Use a scale of 1 cm to 1 unit on both axes. 
(b) Using your graph and showing your method clearly, obtain an approximate 


solution of the equation = 2.4. [N] 


2. Answer the whole of this question on graph paper. 
(a) Given that y = 4х? — x^, copy and complete the following table. 


3-5 


6:125 





Using a scale of 4 cm to represent | unit оп Ше x-axis and 2 cm to represent 
1 unit on the y-axis, draw the graph of y = 4x? — x? for values of x from 
0 to 4 inclusive. 
(b) By drawing appropriate straight lines on your graph 
(i) estimate the gradient of the curve y = 4x? — x? at the point (3-5, 6:125), 
(ii) find two solutions of the equation 
4х -x! 2x42. [M] 
2 
3. (a) Copy and complete the table given below for y = T += — 2. 


MX АРИР 


СЕТЕ 


(b) Using a scale of 4 cm to | unit on the у-ах and 2 ст to | unit on Ше x-axis, 
draw the graphs of 






eme 






чоь 






х 4 
у= toe fo 1<x<4, 


(c) Using the same axes and scales, draw the graph of y -13 1. 

(d) Write down Ше values of x where the two graphs intersect. 

(e) Show that these graphs enable you to find approximate solutions to the 
equation x? — х? — 12x + 16 = 0. [L] 
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4. This sketch shows a water tank with a square base. It is 1-5 m high, 
and the length of the base is x metres. 
(a) Explain why the volume of the tank is given by the formula V = 1-5x? 
(b) Complete the table to show the volume for various values of x. 


xp (05 ps [а (055 To [ow [espesor Papa ар 
родовото Тодорова! je Рей [ow 


(c) Draw Ше graph of V = 1-5x? for values of x from 0 to 1:5. 

(d) What value of x will give a volume of 3 m?? 

(e) A guest house needs a tank with a volume at least 2 m°. To fit the tank into 
the loft, it must not be more than 1-3 m wide. Write down the range of 
values for x which will satisfy these cónditions. [S] 






ше | 





5. The petrol consumption (y miles per gallon) of a car is related to its speed 
(x miles per hour) by the formula 

Зх 4200 

Да 2 x 

(a) Copy and complete the following table of values: 





(b) Draw the graph of this relation, taking 1 cm to represent 5 miles per hour оп 
the x-axis and 1 cm to represent | mile per gallon on the y-axis. Label the 
x-axis from 40 to 80 and the y-axis from 27 to 42. 

(c) From your graph, estimate 

(i) the petrol consumption at 75 miles per hour, 
(ii) the most economical speed at which to travel in order to conserve 
petrol. [MEI] 


6. The diagram shows the distance-time graph of a particle. 


30 


t3 


— 
b dd 


Distance (metres) 


0 1 2 3 4 5 6 7 
Time (seconds) 


(a) Find the speed of the particle at time | second. 
(b) Find the average speed of the particle for the first five seconds. [N] 
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7. A particle is moving with an initial speed of 4 m/s. In the next four seconds its 
speed increases uniformly to 10 m/s and then the speed decreases uniformly until 
the particle stops moving after a further eight seconds. 

(a) Show this information on a speed-time graph. 
(b) Find 
(i) the acceleration in the last eight seconds of the motion, 
(ii) the total distance travelled by the particle. [L] 


8. Answer the whole of this question on graph paper 

At 10:00 am George set out from home to ride his cycle to a friend’s home 12 km 

away. He rode at a steady speed of 18 km/h but, after 20 minutes, one of his 

tyres was punctured. After spending 5 minutes trying to repair it, George walked 
the rest of the way at 6 km/h. 

(a) Using a scale of 2 cm to represent 10 minutes on the time axis and 2 cm to 
represent 2 km on the distance axis, draw a distance-time graph for George's 
journey. 

(b) Find the time at which George arrived at his friend's home. [M] 


9, A stone thrown from the top of a cliff has a height (Л) above the sea after time 

(1) given by the formula 

ћ = 50 + 451 — 517 

where А is in metres and ¢ in seconds. 

(a) Find the height of the stone above the sea after 2-2 seconds. 

(b) How long does the stone take to reach the water? 

(c) Complete this table to show the height of the stone above the sea for the 
МЛ first 5 seconds. 





пар 
са 
p A 
= 
л” 
— Алт 
-“ — 
A 
— 
e am == Р” ий 
wa 
MÀ smal 
eam ee 


(d) On the graph sheet for this question, draw a graph showing л against г. 
(e) Use your graph to find the speed of the stone after 3 seconds. [S] 


Speed (m.p.h.) 
Stopping distance (feet) ES 


The table shows the shortest stopping distance for a car travelling at various 
speeds. 
(a) (i) Using scales of 2 cm to 10 m.p.h. and 2 cm to 50 feet, draw a graph to 
show stopping distance against speed. 
(ii) From your graph, find the shortest stopping distance for a car travelling 
at 65 m.p.h. 
(b) An approximate rule for estimating stopping distances is 1 yard for each 
m.p.h. of the car's speed. 
(i) Draw a straight line on your graph to represent this rule. 
(ii) For what speed does this rule give the same stopping distance as the 
table? 
(iii) For what speeds is the stopping distance estimated from the rule more 
than 25 ft less than the ‘true’ stopping distance given by the curve? [L] 
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11. The table below shows the prices of some paper-back novels and the number of 
pages in them. 


85р | £1-00 | 95р | £1-25 #1-65 £1-00 


Pages| 224 | 254 | 170 | 236| 330| 380 |210 | 190] 320 






On the graph paper provided construct a scatter diagram for this information. 
Use scales of 2 cm to represent 50 pages and 2 ст to represent 20p. 

(1) Draw a line of best fit. 

(ii) Use your line to estimate the cost of a book with 300 pages. [N] 


12. In this question state any assumptions you make. 
Jason is arrested for drunken driving at 10-30 p.m. on Saturday. At the Police 
Station his alcohol level is taken every hour (it is measured in milligrams per 100 
millilitres of blood). A record of the measurements is kept. 


Time after arrest (hours) 
Level (milligrams) 152 | 139 | 131 


(a) Plot these results on a graph. 

(b) What would you expect Jason’s alcohol level to be 7 hours after his arrest? 

(c) By considering a line of best fit, find a formula connecting Jason's alcohol 
level and the time since his arrest. 

He is released from the Police Station when he has a level below 80. Predictions 

are liable to 12% error. 

(d) What time can Jason expect to leave the Police Station? (S] 


120 








13. When a cassette tape recorder starts to re-wind a cassette the counter reads 430. 
. Counter readings (y) after x seconds are as shown in the table. 





(a) Draw axes showing values of x from 0 to 100 and y from 0 to 450. On these 
axes draw a graph to show the readings in the table above. 

(b) Estimate the time taken to re-wind until the counter reads 
(i) 300 (ii) 0 

(c) Ап approximation to the graph is to be chosen in the form 
y = 430 + bx + cx’ so that it goes through (30, 353) and (60, 227). 
Form simultaneous equations for b and c, hence show that b = —1-75 and 
find c. 

(d) Use the equation in (c) to work out the values of y when x = 0, 50, 80. [М] 


8 Matrices and 
transformations 








8.1 MATRIX OPERATIONS 


Addition and subtraction 


Matrices of the same order are added 
(or subtracted) by adding (or subtracting) the 
corresponding elements in each matrix. 


Example 1 

2 —4 3 5X (51 
Ё JU 2)-(2 3 
Multiplication by а number 


Each element of the matrix is multiplied by the 
multiplying number. 


Example 2 


8(1:4)-(3:12) 


Albert Einstein (1879-1955) working as а patent office 
clerk in Berne, was responsible for the greatest advance in 
mathematical physics of this century. His theories of 
relativity, put forward in 1905 and 1915 were based on 
the postulate that the velocity of light is absolute: mass, 
length and even time can only be measured relative to the 
Observer and undergo transformation when studied by 
another observer. His formula Е = mc? laid the foundations 
of nuclear physics, a fact that he came to deplore in its 
application to warfare. In 1933 he moved from Nazi 
Germany and settled in America. 


Multiplication by another matrix 


For 2 X 2 matrices, 


2 4 w Dom aed 

c dJVYy z си + ау сх+ dz 

The same process is used for matrices of other 
orders. 


Example 3 


Perform the following multiplications. 
e) (2 $5 1) (6-2 3410 
4 1 ] 5 8+1 4+5 


15) 


81 Matrix operations 


1 0 

2 |. = 
ы (2 1 21 3 
01 3 4 3 


иа 0-2-6 
(041412 0-249 


Ё | -5 -8 

3 7 
Matrices may be multiplied only И they are 
compatible. The number of columns in the left- 


hand matrix must equal the number of rows in 
the right-hand matrix. 


Matrix multiplication is not commutative, i.e. for 
square matrices А and B, the product AB does 
not necessarily equal the product BA. 


Exercise 1 


In questions 1 to 36, the matrices have the following 
values. 


(12) =) e(t) 


7 10 
»-(! - 3 E-| -1 Jj F=(4 5) 
2 5 
4 
0 1-2 
e (i ' н- (5 -4 à 
3 
L3 
= (3) «| 0 1 
-7 0 


Calculate Ше resultant value for each question where 
possible. 


1, А +В 2. D+H 

3. 1+ Е 4. B-C 

5. 2F 6. 3B 

7. K- E 8. 2A + B 

9. G-J 10. С+В+А 
11. 2E — 3K 12. 5А-8 
13. AB 14. BA 

15. BC 16. CB 

17. DG 18. AJ 

19. HK 20. (AB)C 
21. A(BC) 22. AF 

23. CK 24. GF | 
25. B(2A) 26. (D + H)G 
27. JF 28. FJ 
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29. (А – СО 30. A? 
31. А“ 32. E? 
33. KH 34. (СА) 
35. ED 36. В“ 


In questions 37 to 46, find the value of the letters. 


37. 


38. 


oo 


39. 


40. 


41. 


42. 


43. 


4 


46. 


A 


4 


> 


48. 


49. 


50. 


z^ 


1 0 
mas} 2 
А 


o UG UG S) 


3y за) -( ва 
2y+4x 22] 18 w 
2 е 3 1 8 6 
а с) (3 4)-(4 zi 
n P\=( п) 
207 Х-1 4 

х 0 | 
)8-(1 к) 


and АВ = ВА, find x. 
dk 2 2 f 1 E | 
их- (* 7) and x?=5( à 1 , find k. 


5 3 
B=( _ 4! 
(a) Find k if B? = kB 
(b) Find m if В* = mB 


5 3 
A-( 3 e 


(a) Find n if A? = nA 
(b) Find q if A? = qA 


8.2 ROUTE MATRICES AND DATA STORAGE 


Route matrices 


The diagram shows a map of the roads linking 
three towns A, B and C. The corresponding 
direct route matrix is shown. 


A B To 
A B С 
А10 2 1 
From 812 0 1 
С C\ 1 1 O 


The two-stage route matrix is obtained by 
squaring the direct route matrix 


To 
Two-stage A BC 
route matrix А/5 1 2 
From B| 1 5 2 
C\2 2.2 


So for example there are two ways of going from 
A to C in two stages. 


Exercise 2 


In questions 1 to 4 write down Ше direct route matrix. 


1. 
А "7 В 
С 
| Ay 
С 
D C 
In questions 5 and 6 write down the direct route 
matrix and work out the two-stage matrix 


D C D 


In questions 7 and 8 draw the network. 


2. 
А В 
4. 


p 


[C 


S. А 


п 


C 


7. ABCD 8 ABCD 
А/0 200 A/0 10 0 
B/ 201 0 B/ 1 0 2 0 
clo 102 clo201 
D\0 00 2 D\0 ото 


Data storage 
The matrix shows the results for four teams. 


win draw lose 


А/1 2 3 
m в| 4 0 2 
MEME це. 0. эу 9 


D\ 3 1 2 


The points given are — win / 3 
draw| 1 
lose \ 0 


By multiplying these two matrices we can work 
out how many points each team has. 


Exercise 3 


1. A restaurant sells three meals A, B and C. In two 
days the sales were as shown in matrix S 
Mon Tue 
АЈ 10 5 
5-8 15 20 
С 1010 
The price in #5 paid for each meal is given by 
matrix P. А BC 
Р-(2 4 7) 


Work out Ше matrix product PS and interpet Ше 
result. 

2. The results of four soccer teams are shown below 
together with a matrix showing how points are 
awarded. 


У D г Points 
А/7 3 5 W 4 
В| 5 4 2 D 1 
С| 8 2 5 1. 0 
D\6 3 4 


Multiply the matrices and hence state which team 
has most points. 

3. Three garages Сү, С and G; sell cars of two types 
A and B. The sales in one week are shown below 
together with a matrix showing the price paid for 
each type. 


А В 
G,/3 1 Prices. ned 

Sales. G;| 2 0 (#5) В 47500 
G;\4 1 


Work out the total value of sales for the three 
garages. 


8.3 THEINVERSE OF A MATRIX 


The inverse of a matrix A is written A !, and the 
inverse exists if 


AA = АЈА =1 
where I is called the identity matrix. 


Only square matrices possess an inverse. 


For 2 X 2 matrices, 1— | : : | 


100 
For 3 х 3 matrices, 1=| 0 1 0 | etc. 
001 


If A = | я | ) ‚ Ше inverse А“ ! is given by 


кэш а) 


Here, Ше number (ad — cb) is called the 
determinant of the matrix and is written |АЈ. 


If |A| 2 0, then the matrix has no inverse. 


Example 1 


Find the inverse of A — | | P ). 


Атса Ua 3) 
-4(2 4) 
Check: Ata == (72 a 2) 
3 3 


-(s 1) 


Multiplying by the inverse of a matrix gives the 
same result as dividing by the matrix: the effect 
is similar to ordinary algebraic operations. 


e.g. if АВ-С 
ААВ = А-!С 
В<А ПС 
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Exercise 4 


In questions 1 to 15, find the inverse of the matrix. 
-(3:) 263) (1) 
«(3 4 5. ( 2] 6. 
12 в. (9 че | 9. 
10. E : 
13. | 2 14. (2 4 15. 
16. ив-(2 5 ) and АВ «1, find A. 
17. Find v irv( 72 о) (1 B 


2-3 10 
18. (2 2 )+х=(1 7 fna x. 


19. Find Bit A= ( . 


~ 


~ 
о» М 
“eee” 
£o 
= 
с. 
> 
==, 
|| 
АМ 
о + 
гм» 
SUMMER, 


l 


3 -3 1 0 
20. и (3 3)-х-(| |) fna x. 
| | 11 10 
21. Find Mit 1 и јм=г (1 H 


12 -3 Е | -1 
2. ^= (2 У )алав=( _| 4 


Find (a) AB, (b) A^!, (c) В“!. 
Show that (AB)! = B^!A^!. 


23. им-(3 г) and MN = ( "ба 


> —] 2 ^e ) fina N: 


24. a=(? 1 Jic (1) 1B isa (2% 1) matr 


such that AB = С, find B. 


25. Find x if the determinant of ( | : | 1$ 


(а) 5 (b) —1, (с) 0. 
26. If the matrix | : E ) has no inverse, what is the 


value of x? 


27. The elements of a (2 x 2) matrix consist of four 
different numbers. Find the largest possible value 
of the determinant of this matrix if the numbers 
are 
(a) 1,3,5,9 (b) -1.2,3,4, | 
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8.4 SIMPLE TRANSFORMATIONS 


Reflection 


Ave hoa roseo seh eit НЫ хэв аа irpo enema КАДА МАДА ЫШ eda RIAM iret а Үй л лу 
А H i T H H 
Н Н 





A2 is Ше image of A1 after reflection in Ше 
x-axis. 

A3 is the image of A1 after reflection in the line 
y=x. 


Exercise 5 


In questions 1 to 6 draw the object and its image after 
reflection in the broken line. 





E >F 
t= 2 
4. 
6. 





In questions 7, 8, 9 draw Ше image of the given shape 
after reflection in line M, and then reflect this new 
shape in line M;. 


pace vers s erroe Satan Lacs АНЕ Бабини We n 





8. 
ica dr dereud 
E ЭРЧ aud 
Exercise 6 


For each question draw x and y axes with values from 
-8 to 8. 


1. (a) Draw the triangle ABC at A(6, 8), B(2, 8), 
C(2, 6). Draw the lines y = 2 and y = x. 
(b) Draw the image of A ABC after reflection in: 
(i) the y-axis. Label it АТ. 
(ii) the line y = 2. Label it A2. 
(iii) the line у =x. Label it АЗ. 
(c) Write down the coordinates of the image of 
point А in each case. 
2. (a) Draw the triangle DEF at D(—6, 8), E(-2, 8), 
Е(-2, 6). Draw the lines x = 1, y 2x, y= —x. 
(b) Draw the image of ADEF after reflection in: 
(i) the line x = 1. Label it Al. 
(ii) the line y =x. Label it А2. 
(iii) the line y = —x. Label it АЗ. 
(c) Write down the coordinates of the image of 
point D in each case. 


8.4 Simple transformations 


3. (a) Draw the triangle ABC at А(5, 1), B(8, 1), 
C(8, 3). Draw the lines x + y = 4, y 2x—3, 
x —2. 
(b) Draw the image of A ABC after reflection in: 
(i) the line x + y =4. Label it A1. 
(ii) the line y 2 x – 3. Label it A2. 
(11) the line x 2. Label it АЗ. 
(c) Write down the coordinates of the image of 
point A in each case. 
4. (a) Draw and label the following triangles: 
(1) A1:(3, 3), (3, 6), (1, 6) 
A2:(3, -1), (3, —4), (1, -4) 
ДЗ: (3, 3), (6, 3), (6, 1) 
Л4:(-6, —1), (-6, -3), (-3, –3) 
A5:(—6, 5), (-6, 7), (73, 7) 
(b) Find the equation of the mirror line for the 
reflection: 
(i) Al onto A2 (1) Al onto АЗ 
(iii) Al onto A4 (iv) A4 onto A5. 
5. (a) Draw A1 at (3, 1), (7, 1), (7, 3). 
(b) Reflect A1 in the line y = x onto A2. 
(c) Reflect A2 in the x-axis onto АЗ. 
(d) Reflect ДЗ in the line у = —x onto ДА. 
(e) Reflect ^4 in the line x = 2 onto Д5. 
(f) Write down the coordinates of A5. 
6. (a) Draw A1 at (2, 6), (2, 8), (6, 6). 
(b) Reflect A1 in the line x + y = 6 onto Д2. 
(c) Reflect A2 in the line x 2 3 onto ^3. 
(d) Reflect A3 in the line x + y 2 6 onto A4. 
(e) Reflect A4 in the line y = x — 8 onto Д5. 
(f) Write down the coordinates of A5. 


Rotation 


Example 2 


The letter L has been rotated through 90° 
clockwise about the centre O. The angle, 
direction, and centre are needed to fully describe 
a rotation. 


We say that the object maps onto the image. 
Here, 


X maps onto X’ 
Y maps onto Y' 
Z maps onto Z’ 


In this work, a clockwise rotation is negative and 
an anticlockwise rotation is positive: in Example 
2, the letter L has been rotated through —90*. 
The angle, the direction, and the centre of 
rotation can be found using tracing paper and a 
sharp pencil placed where you think the centre 
of rotation 15. 


For more accurate work, draw the perpendicular 
bisector of the line joining two corresponding 
points, e.g. Y and Y'. Repeat for another pair of 
corresponding points. The centre of rotation is at 
the intersection of the two perpendicular 
bisectors. 


Exercise 7 
In questions 1 to 4 draw the object and its image 


under the rotation given. Take O as the centre of 
rotation in each case. 


| 


90? clockwise 90° anticlockwise 





90° clockwise 
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In questions 5 to 8, copy the diagram on squared 
paper and find the angle, the direction, and the centre 
of the rotation. 





5. | | 
. А В’ A’ 
B C И 
6. 
7. 
8. 
Exercise 8 


For all questions draw x- and y-axes for values from 
—8 to +8. 


1 (a)Draw the object triangle ABC at A(1, 3), 
B(1, 6), C(3, 6), rotate ABC through 90° 
clockwise about (0, 0), mark A'B'C'. 

(b) Draw the object triangle DEF at D(3, 3), 
E(6, 3), F(6, 1), rotate DEF through 90* 
clockwise about (0, 0), mark D'E'F'. 

(c) Draw the object triangle POR at P(—4, 7), 
О(-4, 5), К(-1, 5), rotate POR through 90? 
anticlockwise about (0, 0), mark P'Q'R'. 


2. (a) Draw A1 at (1, 4), (1, 7), (3, ?). 
(b) Draw the images of A1 under the following 
reflections: 
(i) 90" clockwise, centre (0, 0). Label it A2. 
(ii) 180°, centre (0, 0). Label it ^3. 
(iii) 90? anticlockwise, centre (0, 0). 


Label it A4. 
3. (a) Draw triangle POR at P(1, 2), Q(3, 5), 
R(6, 2). 
(b) Find the image of POR under the following 
rotations: 
(i) 90? anticlockwise, centre (0, 0); label the 
image P'Q'R' 
(ii) 90? clockwise, centre (—2, 2); label the 
image РОК" 
(iii) 180°, centre (1, 0); label the image 
P*Q*R'. 


(c) Write down the coordinates of P’, P", Р". 


4. (a) Draw A1 at (1, 2), (1, 6), (3, 5). 
(b) Rotate A1 90° clockwise, centre (1, 2) onto 
A2. 
(c) Rotate A2 180°, centre (2, —1) onto АЗ. 
(d) Rotate ^3 90? clockwise, centre (2, 3) onto 
A4. 
(e) Write down the coordinates of ^4. 


5. (a) Draw and label the following triangles: 
A1: (3, 1), (6, 1), (6, 3) 
А2:(-1,3), (-1, 6), (-3, 6) 
ДЗ: (1, 1), (2-2: 1), (72, -1) 
A4:(3, —1), (3, —4), (5, -4) 
AS: (4, 4), (1, 4), (1, 2) 
(b) Describe fully the following rotations: 
(1) A1 onto A2 (ii) Al onto АЗ 
(iii) Al onto A4 (iv) Al onto A5 
(v) А5 onto A4 (vi) A3 onto A2 


6. (a) Draw A1 at (4, 7), (8, 5), (8, 7). 

(b) Rotate A1 90° clockwise, centre (4, 3) onto 
A2. 

(c) Rotate ^2 180°, centre (5, —1) onto АЗ. 

(d) Rotate A3 90° anticlockwise, centre (0, —8) 
onto A4 

(e) Describe fully the following rotations: 
(i) A4 onto Al, 
(ii) A4 onto A2. 
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Translation For questions 2 to 11 draw x and y axes with values for 
| —8 to 8. Draw object triangle ABC at A(—4, —1), 

The triangle ABC below has been transformed B(—4, 1), C(—1, —1) and shade it. 

onto the triangle АВ С" by a translation. Draw the image of ABC under the translations 


described by the vectors below. For each question, 
write down the new coordinates of point C. 


(8) +) «(2) 40) 
- 44) «(3) +(2) +) 


XE ти ES 10. (> ) fottowed ь (3) 


-2 0 1 
Here Ше translation is 7 squares to the right and "m | 0 ) followed by ( 3 ) followed by ( sj | 


2 squares up Ше page. The translation can be 
described by a column vector. Enlargement 





In the diagram below, the letter T has been 
enlarged by a scale factor of 2 using the point O 
as the centre of the enlargement. 


: Е : 7 
In this case the translation is | 2 ) : 


Exercise 9 


1, Make a copy of the diagram below and write down 
the column vector for each of the following 





translations. 

(a) D onto A (b) B onto Е 
(c) Eonto A (d) A onto C 
(e) Eonto C (f) Conto B 
(g) Fonto E (h) B onto C. 


Notice that OA' 22x OA 
OB’ =2 x ОВ 


The scale factor and the centre of enlargement 
are both required to describe an enlargement. 


Example 3 р 
Draw Ше image of 


triangle ABC under 

an enlargement 

scale factor of } 

using O as centre e | | 
of enlargement. е 5 C 


(a) Draw lines through OA, OB and OC. 


(b) Mark А" so that ОА’ =5ОА 
Mark В" so that ОВ’ = 3OB 
Mark С" so that OC’ = 1 ОС. 


(c) Join A'B'C as shown overleaf. 
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7 
o -5 BO 


Remember always to measure the lengths from 
O, not from A, B, or C. 


Example 4 





гор! 


РОК is the image of POR after enlargement 
with scale factor —2 and centre O. 

Notice that P' and P are on opposite sides of 
point O. Similarly O' and Q, R' and R. 


Exercise 10 


In questions 1 to 6 copy the diagram and draw an 
enlargement using the centre O and the scale factor 
given. 


1. Scale factor 2 2. Scale factor 3 


As 


о 


3. Scale factor 3 4. Scale factor —2 


«О . œ 
ми? 


6. Scale factor 11 
sp A 


Answer questions 7 to 19 on graph paper taking x and 
у from 0 to 15. The vertices of the object are given in 
coordinate form. 


S. Scale factor —3 


In questions 7 to 10, enlarge the object with the centre 
of enlargement and scale factor indicated. 


object centre scale factor 
7. (2, 4)(4, 2)(5, 5) (0, 0) T2 , 
8. (2, 4)(4, 2)(5, 5) (1, 2) +2 
9. (1, 1)(4, 2)(2, 3) (1, 1) +3 
10. (4, 4)(7, 6)(9, 3) (7, 4) +2 


In questions 11 to 14 plot the object and image and 
find the centre of enlargement and the scale factor. 


11. object A(2, 1), В(5, 1), C(3, 3) 
image A'(2, 1), B'(11, 1), C'(5, 7) 
12. object A(2, 5), B(9, 3), C(5, 9) 
image A’(63, 7), B'(10, 6), C'(8, 9) 
13. object A(2, 2), B(4, 4), C(2, 6) 
image А’(11, 8), B'(7, 4), C'(11, 0) 
14. object A(0, 6), B(4, 6), C(3, 0) 
image А’(12, 6), B'(8, 6), C'(9, 12) 


In questions 15 to 19 enlarge the object using the 
centre of enlargement and scale factor indicated. 


object centre 5. Е. 
15. (1,2), (13, 2), (1, 10) (0, 0) 5 
16. (5, 10), (5, 7), (11, 7) (2, 1) +1 
17. (7, 3), (9, 3), (7, 8) (5, 5) -1 
18. (1, 1), (3, 1), (3,2) (4, 3) -2 
19 (9, 2), (14, 2), (14, 6) (7, 4) -i 


The next exercise contains questions involving the four 
basic transformations: reflection; rotation; translation; 
enlargement. 


8.5 Combined transformations 


Exercise 11 


1. (a) Copy the diagram below 


--+ € € хэ r de ae apam me ataie meam чинэ ——— M з юч 
В : n 5 





(b) Describe fully the following transformations 


(1) ^1 A2 (1) Д1— АЗ 
(ш) Д4— Al (iv) А1-» A5 
(v) A3— A6 (мі) A6— A4 


85 COMBINED TRANSFORMATIONS 


It is convenient to denote transformations by a 
symbol. 
Let A denote ‘reflection in line x = 3’ and 


B denote ‘translation : А 
Perform А on A1 






х 
It 
о 


—— ИИМЭ Gee — нээр —— чинээ AM eee eee dug ee we 





Fig. 1 0 2 4 6 8 10x 


A2 is the image of A1 under the reflection in 
x=3 


i.e. А(Л1) = A2 
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2. Plot and label the following triangles: 
А1:(-з, -3), (—1, =5), (-1, -3) 
А2: (1,7), (1, 3), (3, 3) 
ДЗ: (3, 73), (7, -3), (7, -1) 
А4:(-5, -5), (-5, -1),(-3, -1) 
А5:(1, -6), (3, -6), (3, -5) 
Л6:(-3, 3), (-3, 7), (-5, 7) 
Describe fully the following transformations: 


(а) ^1 A2 (b) ^1 A3 
(с) Д1— A4 (d) Д1— A5 
(е) A1 ^6 ( A5 ДЗ 
(г) A2 АЗ 


3. Plot and label the following triangles: 
ДТ: (-3, -6), (-3, -2), (-5, -2) 
А2:(-5, —1), (-5, -7), (-8, -1) 
АЗ: (-2, -1), (2, —1), (2, 1) 
AA: (6, 3), (2, 3), (2, 5) 
АЗ: (8, 4), (8, 8), (6, 8) 
^A6:(—3,1), (3, 3), (-4, 3) 
Describe fully the following transformations: 


(a) А1- А2 (b) Д1— АЗ 
(с) Д1— A4 (4) Д1— AS 
(e) Al— A6 (f A3— AS 
(г) A6— ^2 


A(A 1) means ‘perform the transformation A on 
triangle Al’ 


Perform B on A2 


y 





Fig. 2 


From Fig. 2 we can see that 

B(A2)= АЗ 
The effect of going from A1 to A3 may be 
written 

BA(A1)= A3 
It is very important to notice that BA( A1) means 
do A first and then B. 
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Repeated transformations Exercise 13 
XX(P) means 'perform transformation X on P For questions 1 to 24, make a copy of the diagram 
and then perform X on the image'. shown; then copy and complete the data and write 


down the equivalent single transformation if 


: 2 
It may be written X (P) M, denotes reflection in x axis 


Similarly TTT(P) = T*(P). M, denotes reflection in y axis 
М; denotes reflection in y = x 
Inverse transformations M, denotes reflection in y -х 
3 R, denotes rotation 90? anticlockwise about (0, 0) 
If translation T has vector | 2 | > the К, denotes rotation 180? about (0. 0) 
ын R, denotes rotation 90? clockwise about (0. 0) 


translation which has the opposite effect has I is the identity: image is same as object. 


vector | E: . This is written ТЇ. 


If rotation R denotes 90? clockwise rotation 
about (0, 0), then R^! denotes 90° anticlockwise 
rotation about (0, 0). 


The inverse of a transformation is the 
transformation which takes the image back to the 
Object. 


Note 

For all reflections, the inverse is the same 
reflection. 

e.g. if X is reflection in x = 0, then X7! is also 
reflection in x = 0. 


The symbol T^? means (T^!) i.e. perform T^! 
three times. 





Exercise 12 


| For example, 
Draw x- and y-axes with values from —8 to +8 and P 


plot the point P(3, 2). T M, M, b T M, T M, 
R denotes 90? clockwise rotation about (0, 0); | esed "dg 15 
X denotes reflection in x = 0. The equivalent single transformation T, — T; is Rp 
H denotes 180? rotation about (0, 0); 
3 т М, M M, R, 
T denotes translation 3) БЕДА 2. Г. у 
5 Заир В», d pou v. 
For each question, write down the coordinates of the s. T M, R, R, M, 
final image of P. iic ae 6. 5— —» 
7. T R, M, В, M; 
1. R(P) 2. TR(P) беа 8. T, — —> 
3. T(P) 4. RT(P) qo. os 10. T, Es „Ке, 
5. TH(P) 6. XT(P) R M M M 
7. HX(P) 8. XX(P) 11. Т, — : ЮТ 
9. В (P) 10. T^'(P) 13. T, Му M 14, T, -M М, 
11. XP) 12. T ХР) ^R M, M, M, R, 
13. RXP) 14. T^'RXP) 15: То. =» 16: fe. a. L5 
15. THX(P) 16. R^ (P) 17. T, M, №, М jg T, R, М. В, 
-l 3 . = —— e . ---5 — —> 
17. ТХ-КР) 18. ТЭХ(Р) в M, в M. M. M, 


19. Т?Н (P) 20. XTH(P) jo-T.-— 2255: ыш. р лр 2. 228, 


21. 


23. 
25. 


8.5 Combined transformations 


oc 


К, M 


T, — 24. T, —> 
Is the equivalent single transformation the same if 
you change the order of the transformations? 


M; 


Т---» 


R, 
— 
К. 
— 


М, 
M, 
——» 


R, 
---» 
М, 


М, 
—> 
R, 
—X 


Exercise I4 


In 


this exercise, transformations A. B. ... Н, areas 


follows: 


A denotes reflection in x = 2 
B denotes 180? rotation, centre (1. 1) 


C denotes translation 


D denotes reflection in y =x 
E denotes reflection in у = () 


: 4 
Е denotes translation 3 | 


С denotes 90° rotation clockwise, centre (0. 0) 
Н denotes enlargement, scale factor +3. 
centre (0. 0) 


Draw x- and y-axes with values from —8 to +8. 


. Draw triangle LMN at L(2. 2), M(6, 2). N(6, 4). 
Find the image of LMN under the following 
combinations of transformations. Write down the 
coordinates of the image of point L in each case: 
(a) CA(LMN) (5) ED(LMN) 

(c) DB(LMN) (d) BE(LMN) 
(e) EB(LMN). 


. Draw triangle POR at P(2,°2), О(6, 2), R(6, 4). 
Find the image of POR under the following 
combinations of transformations. Write down the 
coordinates of the image of point P in each case: 
(a) AF(POR) (b) CG(POR) 

(c) AG(POR) (d) HE(POR). 


. Draw triangle XYZ at X(—2, 4), Y(—2, 1), Z(—4, 1). 


Find the image of XYZ under the following 
combinations of transformations and state the 
equivalent single transformation in each case. 
(a) G'E(XYZ) (b CB(XYZ)' 

(c) DA(XYZ). 


. Draw triangle ОРО at O(0, 0), P(Q, 2), Q(3, 2). 
Find the image of ОРО under the following 
combinations of transformations and state the 
equivalent single transformation in each case. 
(a) DE(OPO) (b) ЕС(ОРО) 

(с) DEC(OPQ) (d) РЕЕ(ОРО). 


10. 


. Draw triangle RST at R(—4, - |). 5(-24, —2). 


T(—4, —4). Find the image of RST under the 
following combinations of transformations and 
state the equivalent single transformation in each 
case. 

(a) EAG(RST) 
(c) GF(RST). 


(b) FH(RST) 


. Write down the inverses of the transformations A. 


B. ...H. 


. Draw triangle JKL at J(—2, 2), K(—2, 5), L(—4, 5). 


Find the image of JKL under the following 
transformations. Write down the coordinates of 
the image of point J in each case. 
(a) C^! (b) Е! 

(d) D^! (е) А. 


(c) G^! 


. Draw triangle POR at P(—2, 4), О(-2, 1), К(-4, 1). 


Find the image of POR under the following 
combinations of transformations. Write down the 
coordinates of the image of point P in each case. 
(a) DF" (РОК) (b) ЕС (POR) 

(c) D?F(PQR) (d) СА(РОК) 

(е) СС (POR). 


‚ Draw triangle LMN at L(—2, 4), М(-4, 1), N(-2, 1). 


Find the image of LMN under the following 
combinations of transformations. Write down the 
coordinates of the image of point L in each case. 
(a) HE(LMN) (b) ЕАС ММ) 

(с) EDA(LMN) (d) BG'E(LMN). 


Draw triangle XYZ at X(1, 2), Y(1, 6), Z(3, 6). 

(a) Find the image of XYZ under each of the 
transformations BC and CB. 

(b) Describe fully the single transformation 
equivalent to BC. 

(c) Describe fully the transformation M such that 
MCB - BC. 
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8.6 TRANSFORMATIONS USING MATRICES 


Example 1 


Find the image of triangle ABC, with А(1, 1). 
B(3, 1), С(3, 2), under the transformation 


represented by the matrix M — | = ) 


(a) Write the coordinates of A as a column 
vector and multiply this vector by M. 


/ 


(20-14) 


А’, Ше image of A, has coordinates (1, —1). 
(b) Repeat for B and C. 


M B B' 
(o G7 Ga) 
M C C' 
ПНДЕ 
(c) Plot A'(1, —1), B'(3, – 1) апа C'(3, -2). 





The transformation is a reflection in the 
x-axis. 


Example 2 


Find the image of L(1, 1), M(1, 3), N(2, 3) 
under the transformation represented by the 
-1 


matrix 0 
1 0 


A quicker method is to write the three vectors 
for L, M and N in a single 2 X 3 matrix, and then 
perform the multiplication 


LMN им м 


cos 3) (71:13) 





The transformation is a rotation, +90°, centre 
(0, 0). 


Exercise 15 


For questions 1 to 5 draw x- and y-axis with values 
from —8 to 8. Do all parts of each question on one 
graph. 
1, Draw the triangle A(2, 2), B(6, 2), C(6, 4). Find 
its image under the transformations represented 
by the following matrices. 


о (13) о (9) eG 4) 
Ф(1:) eG) 


2. Plot the object and image for the following: 
Object Matrix 


(a) P(4, 2), Q(4, 4), R(0, 4) (à E 


1 
(b) P(4, 2), О(4, 4), R(0, 4) | Е: Z 
(c) АС-6, 8), В(-2, 8), C(-2, 6) (9 84 
(d) РА, 2), Q(4, 4), RO, 4) | р 2) 


Describe each as a single transformation. 
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8.6  Transformations using matrices 


Draw a trapezium at КС, 2), КС, 5), М(5, 8), 
N(8. 8). Find the images of KLMN under the 
transformations described by the following 
matrices: 


^= (| E в= (1 p 
во) жы 
с- (1) s-(1 70) 
(та) жы 


Describe fully each of the eight transformations. 


. (a) Draw a quadrilateral at A(3, 4), B(4, 0). 


СВ, 1), D(0, 0). Find the image of ABCD 
under the transformation represented by the 
= 0 

0 -2 
Find the ratio | ше ошаш ) 


area of object 


matrix 


(a) Draw axes so that both x and y can take 

values from —2 to +8. 

Draw triangle ABC at A(2, 1), B(7, 1), 

C(2, 4). 

(c) Find the image of ABC under the 
transformation represented by the matrix 

1 - 

| | 

(d) The transformation is a rotation followed by 
an enlargement. Calculate the angle of the 
rotation and the scale factor of the 
enlargement. 


(b 


Ми 


and plot Ше image on Ше graph. 


. (a) Draw axes to that x can take values from 0 


to 15 and y can take values from —6 to +6. 

Draw triangle POR at P(2, 1),.Q(7, 1), 

R(2, 4). 

(c) Find the image of POR under the 
transformation represented by the matrix 

2 
-12 

(d) The transformation is a rotation followed by 
an enlargement. Calculate the angle of the 
rotation and the scale factor of the 
enlargement. 


(b 


Ми" 


and plot Ше image on the graph. 


. (a) On graph paper, draw the triangle T whose 


vertices are (2, 2), (6, 2) and (6, 4). 
(b) Draw the image U of T under the 


: мо 0. 
transformation whose matrix 15 | 10 | . 


10. 


11. 


12. 


(c) Draw the image V of T under the 
| . . [1 0 
transformation whose matrix is ( 0 1 | 
(d) Describe the single transformation which 
would map U onto V. 


. (a) Find the images of the points (1, 0). (2, 1). 


(3. —1), (-2, 3) under the transformation 
with matrix 26}: 

(b) Show that the images lie on a straight line, 
and find its equation. 


. The transformation with matrix | Я : тарз 


every point in the plane onto a line. Find Ше 
equation of the line. 


Using a scale of 1 cm to one unit in each case draw 
х- and y-axes, taking values of x from —4 to +6 
and values of y from 0 to 12. 

(a) Draw and label the quadrilateral OABC with 
O(0, 0), АС, 0). B(4, 2), C(O, 2). 

(b) Find and draw the image of OABC under the 
transformation whose matrix is R, 

2:4 —1:8 
1.8 24/ 

(c) Calculate, in surd form, Ше lengths OB and 
O'B'. 

(d) Calculate the angle AOA’. 

(e) Given that the transformation R consists of a 
rotation about O followed by an enlargement. 
state the angle of the rotation and the scale 
factor of the enlargement. 


where R = 


cos Ө —sin 0 
sin Ө cos 0 
positive rotation of 0° about the origin. Find the 
matrix which represents a rotation of: 

(a) 90? (b) 180° (c) 30? (d) —90° 
(e) 60" (f) 150° (р) 45? (В) 53-17 
Confirm your results for parts (a), (e). (h) by 
applying the matrix to the quadrilateral O(0, 0). 
А(0. 2). В(4, 2). C(4, 0). 


The matrix R — | ) represents a 


Using the matrix R given in question 11, find the 
angle of rotation for the following: 


o (178 о (06 а) 


0-5 0-866 0-6 0-8 
(с) Ёол 0-5 ) (9) в. d 


Confirm your results by applying each matrix to 
the quadrilateral О(0, 0), А(0, 2), В(4, 2). 
C(4, 0). 


3. (а) 


Part 8 Matrices and transformations 


Exercise 16 
1. Draw the rectangle (0, 0), (0, 1), (2, 1), (2, 0) and 


its image under the following transformations and 
describe the single transformation which each 
represents: 


0 1 x 1 
" и НЕНА 
1 01/х 0 
(6) t A 
0 1 x 4 
=) = о (5 )+(о) 
3 0 Ү|х -4 
e ($ $6) Ч 
. (а) Draw L(1, 1), МА, 3), N(4, 1) and its image 
L'M'N' under the matrix А < 0 1 
(b) Find and draw Ше image of L'M'N' under 
4 | and label it L'M"N". 
(c) Calculate the matrix product BA. 
(d) Find the image of LMN under the matrix BA, 


and compare with the result of performing А 
and then B. 


(i) Draw P(0. 0). Q(2. 2), R(4, 0) and its 


matrix B = 


image P'O'R' under matrix A — | : 

(it) Find and draw the image of P'Q'R' 
under matrix B = : | and label it 
Р"О"Е". 

(iii) Calculate the matrix product ВА. 

(iv) Find the image of POR under the matrix 
ВА, and compare with the result of 


performing А and then B. 
4. (a) Draw L(1. 1). МО, 3), N(4, 1) and its image 
L'M'N' under matrix K — 0 А : 


Find К“ !, the inverse of K, and now find Ше 
image of L'M'N' under КЛ. 


(b) Repeat part (a) with K — ( : | | 


(c) Repeat part (а) with К = | : : ) 


5. 


2 


= 


The image (x', y’) of a point (x, y) under a 
transformation is given by | 


x 3 O\/x 2 

6)- 3)6G)*) 

(a) Find the coordinates of the image of the point 
(4, 3), 

(b) The image of the point (т, п) is the point 
(11, 7). Write down two equations involving т 
and ” and hence find the values of m and n. 

(c) The image of the point (Л, K) is the point 
(5, 10). Find the values of Л and k. 


Draw А(О, 2), B(2, 2), C(0, 4) and its image under 

an enlargement, A'(2, 2), B'(6, 2), C'(2, 6). 

(a) What is the centre of enlargement? 

(b) Find the image of ABC under an enlargement, 
scale factor 2, centre (0, 0). 

(c) Find the translation which maps this image 
onto A'B'C'. 

(d) What is the matrix X and vector v which 
represents an enlargement scale factor 2, 
centre (-2, 2)? 


Draw А(0, 1), ВО, 1), СА, 3) and its image under 

a reflection A'(4, 1), B'(3, 1), C'(3, 3). 

(a) What is the equation of the mirror line? 

(b) Find the image of ABC under a reflection in 
the line x = 0. 

(c) Find the translation which maps this image 
onto A'B'C'. 

(d) What is the matrix X and vector v which 
represents a reflection in the line x = 2? 


Use the same approach as in questions 6 and 7 to 
find the matrix X and vector v which represents the 
following transformations. 

(Start by drawing an object and its image under the 
transformation.) 

(a) Enlargement scale factor 2, centre (1, 3), 

(b) Enlargement scale factor 2, centre (3, 1), 

(c) Reflection in y 2 x 3, 

(d) Rotation 180°, centre (15, 25), 

(e) Reflection in y = 1, 

(f) Rotation —90°, centre (2, —2). 


8.6  Transformations using matrices 


Describing a matrix using base vectors 


It is possible to describe a transformation in 
matrix form by considering the effect on the 


1 0 
base vectors | 0 ) апа | 1 ). 


We will let (1 ) ве Гала ( 0 ) be J. 


y 
14 (0. 1) 


(1, 0) 
I x 
The columns of a matrix give us the images of I 
and J after the transformation. 
Example 3 
Describe the transformation with matrix 


(10) 


Column ( = 


1 represents І’ (the image of I). 


Column | н represents J’ (the image of J) 
гг 
0 1 
(то) 
Draw I, 1, Г and J' on a diagram. 


Clearly both I and J have 
been rotated 907 clock- 
wise about the origin. 


| 0 1 ) represents a 
-1 0 р 


rotation of —90°. 





This method can be used to describe a reflection, 
rotation, enlargement, shear or stretch in which 
the origin remains fixed. 
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Exercise 17 


In questions 1 to 12, use base vectors to describe the 
transformation represented by each matrix. 


(тз) 4(76:) * Ci x) 
ща) «D «n 
(ба) So G1) 
v. (1 B 11. ES 3) и. (7 4) 


In questions 13 to 22, use base vectors to write down 
the matrix which represents each of the 
transformations. 


- Ф ы- 


13. Rotation +90° about (0, 0). 

14. Reflection in y = x. 

15. Reflection in y axis 

16. Rotation 180? about (0, 0). 

17. Enlargement, centre (0, 0), scale factor 3. 
18. Reflection in y 2 —x. 

19. Enlargement, centre (0, 0), scale factor —2. 
20. Reflection in x axis. 

21. Rotation —90? about (0, 0). 

22. Enlargement, centre (0, 0), scale factor 3. 


Shear 


Fig. 1 Fig.2 


A B A B 


Fig. 1 shows a pack of cards stacked neatly into a 
pile. 

Fig. 2 shows the same pack after a shear has 
been performed. 


Note 

(a) the card AB, at the bottom has not moved 
(we say the line AB is invariant). 

(b) the distance moved by any card depends on 
its distance from the base card. 
The card at the top moves twice as far as the 
card in the middle. 
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Stretch In questions 3 to 10, plot the rectangle ABCD at 
A(0, 0), B(0, 2), C(3, 2), D(3, 0). Find and draw the 


image of ABCD under the transformation given and 





The rectangle ABCD has been stretched in the 
direction of the y-axis so that A'B' is twice AB. 


A stretch is fully described if we know 
(a) the direction of the stretch, 
(b) the ratio of corresponding lengths. 


The matrix | s : represents a stretch parallel 
to the x-axis where the ratio of corresponding 
lengths is k. 


Exercise I8 


1. In the diagram, OABC has been mapped onto 
OA'B'C by a shear. 





What is the invariant line of the shear? 


2. Draw axes for values of x from —6 to +9 and for 
values of y from —2 to +5. 


Find the coordinates of the image of each of the 
following shapes under the shear represented by 


the matrix A ; 

0 1 
Draw each object and image together on a 
diagram. 


(a) (0, 0)(0, 3) (2, 3) (2, 0) 

(b) (0, 0)(—2, 0)(—2, -2)(0, -2) 
(с) (0, 0)(2, 2)(3, 0) 

(d) (1, 1)(1, 3)(3, 3)(3, 1). 


What is the invariant line for this shear? 


describe the transformation fully. 


20 
(29) 

1; 0 
&( 


« (5) 
(51) 


10 
0 
1 


5 (от) 


10 10 
(10) (20) 


11. 


12. 


13. 


(а) Find and draw the image of Ше square (0, 0), 
(1, 1), (0, 2), (—1, 1) under the transformation 
3 
-3 -27/' 
(b) Show that the transformation is a shear and 
find the equation of the invariant line. 


represented by the matrix 


(a) Find and draw the image of the square (0, 0), 
(1, 1), (0, 2), (—1, 1) under the shear 


$e "i 
05 15/7 


(b) Find the equation of the invariant line. 


represented by the matrix 


Find and draw the image of the square (0, 0), 
(1, 0), (1, 1), (0, 1) under the transformation 

3 0 

02/ 

This transformation is called a two-way stretch. 


represented by the matrix 


REVISION EXERCISE 8A 


ad 32. esp 


Express as a single matrix 


(a) 2A (D А-В (с) ТА 
(9) АВ (е) в: 
. Evaluate 


о (2301 обжа 
о (2 a)a( 2) 


4 2 -1 
А“ 2),в-0 9,с-| t 
(a) Determine BC and CB, 


(b) irax = (5 20 ), where X isa (2x2) 
matrix, determine X. 


. Find the inverse of the matrix ( : Е ) 


. The determinant of the matrix (2 К: is —9. 


Find the value of x and write down the inverse of 
the matrix. 


. А= | 0 ) ; h and k are numbers so that 


1 2 10 
A? = hA + АТ, where I= 017 
Find the values of ^ and К. 
a 1 
. M= 17 
| "TS 1 0 
(a) Find the values of a if M^ = 17 017 


(b) Find the values of a if | М| = —10. 

. Find the coordinates of the image of (1, 4) under 
(a) a clockwise rotation of 90? about (0, 0), 
(b) a reflection in the line y = x, 

(c) a translation which maps (5, 3) onto (1, 1). 
. Draw x- and y-axes with values from —8 to +8. 
Draw triangle A(1, —1), ВВ, —1), СА, -4). 
Find the image of ABC under the following 
enlargements 

(a) scale factor 2, centre (5, —1) 

(b) scale factor 2, centre (0, 0) 

(c) scale factor 3, centre (1, 3) 

(d) scale factor —5, centre (3, 1) 

(e) scale factor —2, centre (0, 0). 


10. 


11. 


12. 


Using the diagram below, describe the 
transformations for the following, 
(b) T4 Ts 
(e) Тв-> T, 


(а) T; Ts 
(d) T, Tj 


(с) T, T; 
(f) Те— Та 





Describe Ше single transformation which maps 
(a) AABC onto ADEF 
(b) AABC onto APOR 
(c) AABC onto AXYZ. 





M is a reflection in the line x + y = 0. 

R is an anticlockwise rotation of 90° about (0, 0). 
T is a translation which maps (—1, —1) onto 

(2, 0). 

Find the image of the point (3, 1) under 

(a) M (b) R (c) T 

(9) MR (е) RT (f) TMR 
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Part 8 Matrices and transformations 


13. A is a rotation of 180? about (0, 0). 


14. 


15. 


16. 


B is a reflection in the line x = 3. 

C is a translation which maps (3, —1) onto 
(72. -1). 

Find the image of the point (1, —2) under 


(a) А (b) A? (c) BC 

(d) С“! (e) ABC (f) C^!B^!A"! 
The matrix 1 С 0 | represents Ше transform- 
ation X. 


(a) Find the image of (5, 2) under X 
(b) Find the image of (—3, 4) under X 
(c) Describe the transformation X. 
Draw x- and y-axes with values from —8 to +8. 
Draw triangle A(2, 2), B(6, 2), C(6, 4). 
Find the image of ABC under the transformations 
represented by the matrices, 
-1 0 | 
0-1 


@ (97) 9 (1 2) ө( 
o (24) @ (25) 


Describe each transformation. 
Using base vectors, describe the transformations 
represented by the following matrices. 


(a) | 3) ® PS 4 (с) H 2) 


EXAMINATION EXERCISE 8B 





E 


17. Using base vectors, write down the matrices which 


18. 


19 


describe the following transformations. 

(а) Rotation 180”, centre (0, 0), 

(b) Reflection in the line y =0, 

(c) Enlargement scale factor 4, centre (0, 0), 
(9) Reflection in the line x = —y, 

(€) Clockwise rotation 90°, centre (0, 0). 
Transformation N, which is given by 


К) (о 2) C2 


is composed of two single transformations. 

(a) Describe each of the transformations, 

(b) Find the image of the point (3, —1) under N, 

(c) Find the image of the point (—1, 5) under М, 

(d) Find the point which is mapped by N onto the 
point (7, 4). 

A is the reflection in the line y = x. 

B is the reflection in the y-axis. 

Find the matrix which represents 

(a) А (5) В (с) АВ (9) ВА. 

Describe the single transformations AB and BA. 





(a) Describe completely the single transformation that would move the shaded 


figure to 
(i) position A, 


(ii) position B, 
(b) What single transformation would move figure A to figure B directly? 


(ii) position C, 
[N] 


Examination exercise 8B 


РАДА даза сарын бө ы-н eget nsnm aeren: rnnt n tac nns quem чен ша 
H + 1 Н 1 4 H 

: Н Н : + 

H : H 

H 1 H 


! Ї А t : 
1 Ї 1 H 1 3 Н 
| Н i H i i : 
i Ї : ! 1 : E 6 
Nara TERN ИНИНИ SUCRE SEEDS шанда 
Т H h | 1 1 i 
i + i | В i 
i i Н H : ; 
i : 1 $ 1 i 
i H 3 : : 
i 1 i j 
i 1 H H 
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| 


H 
decus 
H 


M 


2. (а) А is Ше image of triangle T after it has been 
= rotated through а half-turn about the origin 
| (0, 0). Draw and label A. 
(b) B is the image of triangle T after it has been 
rotated through a half-turn about the point 
(3, 0). Draw and label B. 
| (c) C is the image of triangle T after it has been 
k reflected in the y-axis. Draw and label C. 
: (d) Describe fully the transformation which maps 
4 (i) A onto B (ii) A onto С 
| [L] 


-----. 
i 














: : 4 
Н : i | 
2 : Е M 
e : : H 
teca нефа Еу 
" 2 + 
: : i : 
t i H Н 
: : : B 
H : H H 


3. It is given that 


3 1 ] 4 
ч-(1 1)oans(.1 2). 


(a) Express M + ЗМ as a single matrix. 
(b) Express M? as a single matrix. [M] 


. Answer the whole of this question on graph paper. 


The vertices of a triangle ABC have coordinates А(4, 3), B(8, 6) and C(—3, 9). 
Triangle ABC is mapped onto triangle A,B,C, by Ше transformation represented 
by the matrix M where 


0:8 0-6 
м- ( —0-6 947 
(a) Find the coordinates of А), В, and C}. 


(b) Taking 1 cm to represent 1 unit on each axis, draw and label the triangles 
ABC and А В С. 
(c) Describe fully the transformation represented by M. [M] 


. On squared paper draw a triangle with vertices A(2, 2), B(2, 4) and С(5, 4). 


(a) Write as a column vector 
(1) the translation from the point B to the point C, 
(1) the translation from the point B to the point А. 
(b) On the squared paper draw the images of the triangle ABC after the 
transformations determined by 


| -1 0 
o Р-( 01 


(ii) o-( 1 Е: (label the image q) 
(c) Describe geometrically the single transformation determined by 
(i) Р, 
(1) О, 
(iii) the triangle p mapped onto triangle q. [S] 


(label the image p) 
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6. A transformation S is described by the matrix | ~ = ) 


: 3 
T is the translation with vector | 3 | 


(a) In Ше diagram, show Ше 
image of the triangle ABC 
under the transformation S. 





(b) Describe the transformation S in geometrical terms. 

(c) Find the coordinates of P' and Q', the images of the points P, (3, 0) and 
Q. (2, 1) respectively, under the single transformation equivalent to S 
followed by T. 

(d) Describe in geometrical terms the single transformation equivalent to S 
followed by T. [M] 


| 2 l : [x 2-3 | х 
7. The matrix А — | 4 4 | represents the transformation T: | А ЈЕ | 4 cd 1 ў ) е 


(a) Find Ше inverse matrix of A. 

(b) Find the coordinates of the point which is mapped to (9. 16) under the 
transformation T. 

(c) Find the matrix A’. 

(d) Show that A? is of the form | а : | and give a geometrical 

description of the transformation whose matrix is A?. [N] 


8. The points O(0, 0), A(2, 0) and В(2. 1) are transformed by the matrix M, where 


1 


(а) Find the coordinates of A‘ and В". 

(b) Using graph paper and taking a scale of 2 cm to 1 unit on each axis, draw and 
label triangle OAB and its image triangle OA'B'. 

(c) The transformation whose matrix is M can be obtained by a combination of 
two separate transformations. By taking measurements from your graph. give 
a full description of each of these transformations. 

(d) Find М”! and hence, or otherwise, find the coordinates of the point whose 
image is (6, 2) under the transformation whose matrix is M. [L] 


M = ( | e ). into О, A‘ and В" respectively. 


9. The transformation T consists of a reflection in Ше x-axis followed by an 
enlargement with centre (0, 0) and scale factor 2. Find 
(a) the image of к and | : | ипдег Т; 
(b) the matrix associated with T; 


(c) the image of | я | under T. [N] 


9 sets, vectors and 
functions 





Bertrand Russell (1872—1970) tried to reduce all 
mathematics to formal logic. He showed that the idea of a 
set of all sets which are not members of themselves leads 
to contradictions. He wrote to Gottlieb Frege just as he 
was putting the finishing touches to a book that 
represented his life's work, pointing out that Frege's work 
was invalidated. Russell's elder brother, the second Earl 
Russell, showed great foresight in 1903 by queueing 
overnight outside the vehicle licensing office in London to 
have his car registered as АТ. 





9.1 SETS 


А B 
1. П ‘intersection’ 5. © ‘universal set’ 
AB is shaded. Ф = {a, b, с. 9, е) 
2. U ‘union’ A B 
A U B is shaded. CD 
6. A’ ‘complement of 


‘not in A’ 
A’ is shaded 
(AU A'=é) 


3. С ‘is a subset of 
ACB 
[B А means ‘В is nor 
a subset of A’] 





‘belongs to’ n(A)=3 X 
рЄХ 
[e © X means ‘е is not a 
member of set X’] 


(©) 
4. Е *15 a member of de 7. n(A) 'the number of elements in set A' 
| X 
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8. А = (x:xisaninteger, 2x x « 9) 


The elements x X IS 


an integer and 2 < x x 9, 
The set A is (2, 3, 4, 5, 6, 7, 8, 9). 


9. Ø or ( ) ‘empty set’ 


(Note @ C A for any set A) 


Exercise 1 


l. In the Venn diagram. 
& = (people in an hotel) 
B- (people who like bacon) 
E= {people who like eggs} 





(a) How many people like bacon? 

(b) How many people like eggs but not bacon? 
(с) How many people like bacon and eggs? 
(d) How many people are in the hotel? 


(e) How many people like neither bacon nor eggs? 


2. In Ше Venn diagram, 
& = {boys in the fourth form} 
R= { members of the rugby team} 
C= { members of the cricket team} 


(a) How many are in the rugby team? 

(b) How many are in both teams? 

(с) How many are in the rugby team but not in the 
cricket team? 

(d) How many are in neither team? 

(е) How many are there in the fourth form? 


3. In the Venn diagram, 


ф = (cars in a street) 

B= {blue cars) 

L= {cars with left hand drive} 
F= {cars with four doors} 





(a) How many cars are blue? 

(b) How many blue cars have four doors? 

(c) How many cars with left hand drive have four 
doors? 

(d) How many blue cars have left hand drive? 

(е) How many cars are in the street? 

(f) How many blue cars with left hand drive do 
not have four doors? 


. In the Venn diagram, 


& = {houses in the street} 

C= {houses with central heating} 
T= (houses with a colour T.V.) 
G= {houses with a garden} 





(a) How many houses have gardens? 

(b) How many houses have a colour T.V. and 
central heating? 

(c) How many houses have a colour T.V. and 
central heating and a garden? 

(d) How many houses have a garden but not a 
T.V. or central heating? 

(e) How many houses have a T.V. and a garden 
but not central heating? 

(f) How many houses are there in the street? 


9.1 Sets 


5. [n the Venn diagram 
€ = (children in a mixed school) 
С = (girls in the school} 
S = (children who can swim) 
L < (children who are left-handed) 





(а) How many left-handed children are there? 
(b) How many girls cannot swim? 

(c) How many bovs can swim? 

(d) How many girls are left-handed? 

(e) How many boys are left-handed? 

(f) How many left-handed girls can swim? 

(g) How many boys are there in the school? 


Example 1 


Ф=(1,2,3... 12}, A= (2, 3,4, 5, 6) and 
B = (2, 4, 6, 8, 10). 


(a) AUB - (2,3, 4, 5, 6, 8, 10). 
(b) AN B = {2, 4, 6). 

(с) А’ = {1,7, 8, 9, 10, 11, 12). 
(d) n(A ОВ) =7. 

(е) В ПА = (3,5) 





Exercise 2 


In this exercise, be careful to use set notation only 
when the answer is a set. 


1. IfM = (1,2, 3, 4, 5, 6, 7, 8}, N= (5, 7, 9, 11, 13). 


Find 

(а) МПМ (0) MUN 

(c) n(N) (d) n(MU N). 
State whether true or false: 

(e) 5ЄМ (f 7E(MUN) 


(g) NCM (h) (5,6, 7} C M. 
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. If A= {2, 3, 5,7}, B= {1,2,3 ...,9). 


Find 

(a) ANB (b) AUB 

(с) „(А ПВ) (d) (1,4) ПА 
State whether true or false: 

(е) АЕВ (f ACB 

(g) 9CB (1) ЗЕ(АПВ) 


. ИХ= (1,2,3, ... 10}, У = (2, 4,6, ... 20) and 


2. = (x:xisan integer, 15 x x x25). 


Find 

(a) ХПУ (b YNZ 

(с) XNZ (d) n(X U Y) 
(e) n(Z) (В n(XUZ) 
State whether true or false: 

(г) SEY (h) 20€ X 


(i) n(XNY)=5 () {15, 20, 25} CZ. 


. If D = (1, 3, 5}, Е = (3, 4, 5}, F = (1, 5, 10}. 


Find 
(a) DUE (b) DNF 
(c) n(ENF) (d (DUE)NF 


(e) (DNE)UF (f) n(DUF) 
State whether true or false: 

(г) DC(EUF) (h) ЗЕ (ENF) 
(i) 46(р ПЕ). 


. Find 
(a) n(E) (b) n(F) (c) ENF 
(d EUF (e n(EUF) (f) n(ENF). 

& 

. Find 
(a) (MON) (b) n(N) (с) MUN 
(d) M’NN (e) N'AM (f (MANY 
(2) MUN’ (h NUM' (i) M'UN' 

& 


COD 
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Example 2 


On a Venn diagram, shade the regions 


(а) АПС (b) (ВПС)ПА" В E; 
where A, B, C are intersecting sets. C) igure 3 
(a) ANC & 
A B 
4. Draw eleven diagrams similar to Figure 4 and 
shade the following sets: 
(a) AnB (6) AUC (с) AN(BNC) 
С (d) (AUB)nC (е) BN(AUC) 
(f ANB’ (2) AN(BUC)' 
‚ (h) (ВОС) ПА (i) СП(АПВ) 
(b) (ВПОПА (i) (AUC)UB' (К) (AUC)n (Bn C) 
[find (BNC) first] x gs 
& 
A B 
Figure 4 
C 
C 
Exercise 3 
1. Draw six diagrams similar to Figure 1 and shade 5. Draw nine diagrams similar to Figure 5 and shade 
the following sets: the following sets: 
(а) AnB (b) AUB (c) A' (а) (AUB)nC (б) (ANB)UC 
(d) А ПВ (е) ВПА (Е) (BUA)’. (с) (AUB)UC (d) AN(BUC) 
(е) А ПС (f C'O(AUB) 
& (2) (АПВ) ПС (h) (An C)u(BnC) 
A B (i) (AUBUC) 
Figure 1 & 
A B 
Figure 5 


2. Draw four diagrams similar to Figure 2 and shade 


the following sets: 6 
(а) АПВ (0) АУЮВ (с) ВПА 
(d) (BU A) (a) 
& X < 
CO) 
Les Figure 2 
X' n Y 
(c) 


3. Draw four diagrams similar to Figure 3 and shade 
the following sets: 
(а) AUB (b АПВ 
(d) (BU A)' 


(с) АПВ 
Ап В 


& 


С 


. Copy each diagram and shade Ше region indicated. 


(b) 
& & 
OO 
ЕчЕ 
(9) 
M 
(M n NY 
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7. Describe the region shaded. 


(a) а (Ы) a ©) (а) 5 


“Ч XE 
ry 
«в 









Ww 


9.2 LOGICAL PROBLEMS 


Example 1 (b) Interpret the following statements 
In a form of 30 girls, 18 play netball and 14 play (i) BCC. 
hockey, whilst 5 play neither. (1) BUC=D. 
Find the number who play both netball and (а) (i) AnC-9. 
hockey. (ii) BCD. 
Let & = {girls in the form} (ш) Апр =. 
N- {girls who play netball} (b) (i) All sheep dogs are intelligent animals. 
H- {girls who play hockey} (ii) Animals which make good pets are 
and x =the number of girls who play both either sheep dogs or ‘intelligent’ 
netball and hockey animals (or both). 
Exercise 4 


1. In the Venn diagram n(A) = 10, "(В) = 13, 
n(A NB) = x and n(A ОВ) = 18. 


А В 





The number of girls in each portion of Ше 10 13 


universal set is shown in the Venn di Я - | 
he аран (a) Write in terms of x Ше number of elements in 


Since п (©) = 30 A but not in B, 

18 —х+х+ 14-х+5-30 (b) Write in terms of x the number of elements in 
37 – х = 30 B but not in A, 

X27 (c) Add together the number of elements in the 
three parts of the diagram to obtain the 
seven girls play both netball and hockey. equation 10 — x +x + 13 – х = 18, 
(d) Hence find the number of elements in both A 
Example 2 and B. 


2. In the Venn diagram n (А) = 21, n(B) = 17, 


If А = {sheep} n(A ПВ) = and n(A ОВ) = 29. 


B = {sheep dogs} 
C = {‘intelligent’ animals} A 


B 
D = {animals which make good pets} 
(a) Express the following sentences in set 
language 
(i) No sheep are ‘intelligent’ animals. (a) Write down in terms of x the number of 
(ii) All sheep dogs make good pets. elements in each part of the diagram. 


(iii) Some sheep make good pets. (b) Form an equation and hence find x. 
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10. 


11. 


12. 


13. 
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. The sets M and М intersect such that л (M) = 31, 


n(N) = 18 and n (M UN) = 35. How many 
elements are in both M and N? 


. The sets P and О intersect such that n(P) = 11, 


n (Q) = 29 and n (PU О) = 37. How many 
elements are in both P and Q? 


. The sets A and B intersect such that 


п(АПВ) =7, п(А) = 20 and n (B) = 23. Find 
п(А U B). 


. Twenty boys in a form all play either football or 


basketball (or both). If thirteen play football and 
ten play basketball, how many play both sports? 


. Of the 53 staff at a school, 36 drink tea, 18 drink 


coffee and 10 drink neither tea nor coffee? 
How many drink both tea and coffee? 


. Of the 32 pupils in a class, 18 play golf, 16 play the 


piano and 7 play both. How many play neither? 
Of the pupils in a class, 15 can spell ‘parallel’, 14 
can spell 'Pythagoras', 5 can spell both words and 
4 can spell neither. How many pupils are there in 
the class? 
In a school, students must take at least one of 
these subjects: Maths, Physics or Chemistry. In a 
group of 50 students, 7 take all three subjects, 9 
take Physics and Chemistry only, 8 take Maths 
and Physics only and 5 take Maths and Chemistry 
only. Of these 50 students, x take Maths only, x 
take Physics only and x + 3 take Chemistry only. 
Draw a Venn diagram, find x, and hence find the 
number taking Maths. 
АП of 60 different vitamin pills contain at least 
one of the vitamins A, B and C. Twelve have A 
only, 7 have B only, and 11 have C only. 
If 6 have all three vitamins and there are x having 
A and B only, B and C only and A and C only, 
how many pills contain vitamin A? 
The “О” level results of the 30 members of 
a Rugby squad were as follows: 
АП 30 players passed at least two subjects, 18 
players passed at least three subjects, and 3 
players passed four subjects or more. Calculate 
(a) how many passed exactly two subjects, 
(b) what fraction of the squad passed exactly 
three subjects. 
In a group of 59 people, some are wearing hats, 
gloves or scarves (or a combination of these), 4 
are wearing all three, 7 are wearing just a hat and 
gloves, 3 are wearing just gloves and a scarf and 
9 are wearing just a hat and scarf. The number 
wearing only a hat or only gloves is x, and the 
number wearing only a scarf or none of the three 
items is (x — 2). Find x and hence the number of 
people wearing a hat. 


14. 


15. 


16. 


17. 


18. 


19. 


[n a street of 150 houses, three different 

newspapers are delivered: T, G and M. Of these, 

40 receive T, 35 receive G, and 60 receive M; 

7 receive T and G, 10 receive G and M and 

4 receive T and M; 34 receive no paper at all. 

How many receive all three? 

Note: If ‘7 receive T and G’, this information does 

not mean 7 receive T and G only. 

If S = {Scottish men), G = {good footballers}, 

express the following statements in words 

(a) GCS 

(b) С(15-03 

(с) ОП5ЖО. 

(Ignore the truth or otherwise of Ше statements.) 

Given that £ = (pupils in a school}, В = {boys}, 

Н = (hockey players), Е = (football players}, 

express the following in words: 

(а) ЕСВ (b) НСВ' 

(с) FNH#O (d ВАН +. 

Express in set notation 

(e) No boys play football, 

(f) All pupils play either football or hockey. 

ИФ = (living creatures), S = {spiders}, 

Е = {animals that fly), T = (animals which taste 

nice), express in set notation: 

(a) No spiders taste nice, 

(b) All animals that fly taste nice, 

(c) Some spiders can fly. 

Express in words: 

(d) 565ЕОТ-2 (e) TCS. 

ф = {tigers}, T = {tigers who believe in fairies}, 

X = {tigers who believe in Eskimos}, 

Н = (tigers in hospital). Express in words: 

(a) TCX, (6) TUX=H, 

(с) HNX=2. 

Express in set notation: 

(d) All tigers in hospital believe in fairies, 

(e) Some tigers believe in both fairies and 
Eskimos. 

& = (school teachers}, P = (teachers called 

Peter}, B = {good bridge players}, 

W = {women teachers}. Express in words: 

(a) PNB=@. 

(b PUBUW=é, 

(с) РПМЖО. 

Express in set notation: 

(d) Women teachers cannot play bridge well, 

(e) All good bridge players are women called 
Peter. 


9.3 VECTORS 
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A vector quantity has both magnitude and 
direction. Problems involving forces, velocities 
and displacements are often made easier when 
vectors are used. 

Addition of vectors 


Vectors a and b represented by the line segments 
below can be added using the parallelogram rule 
or the ‘nose-to-tail’ method. 


The ‘tail’ of vector b is joined to the ‘nose’ of 
vector a. 


b Y 


X 


Alternatively the tail of a can be joined to the 
‘nose’ of vector b. 


X b 


— 
In both cases the vector XY has the same 
length and direction and therefore 


a+b=b-+a. 


Multiplication by a scalar 


A scalar quantity has magnitude but no direction 
(e.g. mass, volume, temperature). Ordinary 
numbers are scalars. 


When vector x is multiplied by 2, the result 1s 2x. 


x 2х 


When x is multiplied by —3 the result is —3x. 


х -3х 
Note 
(1) The negative sign reverses the direction of 
the vector. 


(2) The results a — b is a+ —b. 
i.e. Subtracting b is equivalent to adding the 
negative of b. 


Example 1 


te 


The diagram shows 
vectors a and b. 


— — 
Find OP and OQ such that 


OP =3a+b 
> 
ОО = —2а – ЗЬ 
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> 
Exercise 5 41. (а) МК K L 
| (b) NL 
In questions 1 to 26, use the diagram below to 23 b 
describe the vectors given in terms of c and d where (c) NK 
с = QN and d= ОК. (d) KN 
> > М За M 
e.g. OS = 2d, TD-c- d. 
j j / / / / | -» 
j | | j j | / ; FE 
; ! i j 
Н { j FC 
ој B о УДИ МИЙ! wee 
H { Ї | Í f / (d) DA 
Ч j : Ї j j 
V үү Х/ ү} 7; f / 
— — > 
1. АВ 2. SG 3. УК 
4. КН 5. ОТ 6. WI Е 
ээ 2 b 43. (a) EC 2b T 
7. FH 8. FT 9. KV (b) BE 
10. NO 11. OM 12. SD i 
E ue M (c) AE E C 
13. РЇ 14. YG 15. 01 (d) EÀ 
23 — => 
16. RE 17. XM 18. ZH b 
> — => В 
19. МЕ 20. КА 21. RZ 
— —> — a 
22. CR 23. NV 24. EV 
— — 
25. JS 26. LE A 
In questions 27 to 38, use the same diagram above to In questions 44 to 46, write each vector in terms of a, 
find vectors for the following in terms of the capital b and c. 
letters, starting from Q ) each time. 44. (a) FC А 1 
e.g. За = ОТ, c+ d=QA. (b) GB b 
27. 2c 28. 4d 29. 2c t d (c) AB : C 
30. 2d + с 31. 34+2< 32. 2c- d а HE 
(d) HaG 
33. -с+ 2d 34. c — 2d 35. 2c + Ad CÀ 
36. -с 37. -c-d 38. 2c - 2d (е) Р ” 
In questions 39 to 43, write each vector in terms of a c 
and/or b. 
E 2a D 
39. (a) BÀ UE ME 
-» , 
ЕЗ [ X 5 A 
— 
(с) DB 4-0 59082 
=> а 
(d) AD Y aes К 
X (с) ВС 
d) EB b 
40. (a) 7Х b н Fh Е 
— 
(0) YW 2b c 
— 
(c) XY ы b 
— 
(d) XZ Z D c C 
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46. (a) GD в с с Exercise 6 
(b) GE a b In questions 1 to 6, ОА = a and OB =b. Copy each 
(c) AD diagram and use the information given to express the 
(d) AF А р following vectors in terms of a and/or b. 
=> 
(e) FE (а) AP (b) AB (с) OQ (d) PÓ 
-> — = = 
Е ^a (e) РО (f) PN (g) ON (h) AN 


. -— e 225 
(i) BP (1) ОА 
1. A, B and N are mid-points of OP, OB and РО 
respectively. 
Example 2 


Using Figure 1, express each of the following 
vectors in terms of a and/or b. 





> — — —> 
(a) АР (АВ (9 OO (д) РО о 
(с) РО ЮР (ОМ (ПАК 
; | 2. А and М are mid-points of ОР and РО; 
(i) ВР (j QA P ВО = 208. 
ОА = АР 
ВО = 3OB 


N is the mid-point of РО 
— — 
OA=a, OB=b 





— 
E he - 3. AP = 20A, ВО = ОВ, РМ = NO. 
--а 
--» 
(c) OQ = 4b 
A 
(d) РО = -2а os j 
— 
(e) РО = РО + OQ : 
= —2a + 4b B N 
— -> 
(f) PN + !РО 
= —a-2b Q 
— >» > 
(g ОМ = ОР + PN 
- го 4. ОА =2AP, ВО = ЗОВ, РЧ--2МО. 
(h) AN = АР + PN оз А P 
=а-+ (—а + 25) b 
=2b | E 
-> -» > 
(i) ВР=ВО + ОР 
= —6 + 2а N 


0) QA» 00 + OA 
= —4b +a 


o 
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5. AP = БОА, ОВ = 2BQ, NP = 20М. 


Q 
B N 
b 
О ЗА P 


6. ОА =+ОР, OQ = ЗОВ, N is i of the way along 


РО. 
О 
N 
P B 
b 


Аз 0 


7. In AXYZ, the mid-point of YZ is M. 
— — 
If XY = s and ZX = t, find XM in terms of 


s and t. 
Y 
8 
M 
X t Z 


8. In AAOB, AM: МВ = 2:1. If OÀ =a and 
-» — 
OB = b, find OM in terms of a and b. 


A 
a 
M 
O 
b B 


9. O is any point in the plane of the square ABCD. 


> — — 

The vectors OA, OB and OC are a, b and c 
— 

respectively. Find the vector OD in terms of 


a, b and c. 
10. ABCDEF is a regular hexagon в с 
— 
with AB representing the vector ™ 
— 
m and AF representing the А 
vector n. Find the vector " 


-> 
representing AD. F E 


11. ABCDEF is a regular hexagon with centre O. 
— — 
FA =a and FB - b. 


B 


VV 


E D 


Express the following vectors in terms of a 
and/or b. 


-> --» _ = 
(а) АВ (b) FO (c) FC 
— — -> 
(9) ВС (е) АО (f) FD 
12. In the diagram, M is the mid-point of CD, 
— — — 
BP:PM=2:1, АВ <х, AC=y and AD = 2. 


C 


2 D 


Express the following vectors in terms of x, y and 


Z. 
(a) DC (b) DM (c) AM 
(d) BM (e) BP (f) AP. 
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The vector AB may be written as a column 
5 
3 


The top number is the horizontal component 


of AB (i.e. 5) and the bottom number is the 
vertical component (i.e. 3). 


vector. AB — 


Эл: => 4 
Similarly CD- | -2 ) 


8-0) 


Addition of vectors 





Figure 1 


Suppose we wish to add vectors AB and CD 
in Figure 1. 
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Figure 2 Ж qua ds 


First move cb 50 шаг. АВ and СЪ) join ‘nose 
to tail’ as in Figure 2. Remember that changing 
the position of a vector does not change the 
vector. A vector is described by its length and 
direction. 

The broken line shows the result of adding 


— гэ 
AB and CD. 


In column vectors, 
АВ ecb- (3) | B 
EO До 


We see that the column vector for the broken 
line is | E , 50 we perform addition with 


vectors by adding together the corresponding 
components of the vectors. 


Subtraction of vectors 


. — > 
Figure 3 shows AB — CD. 





Figure 3 2 ll n uu 


To subtract vector ср from AB we add the 
negative of СЬ to AB. 
So AB – CD = AB + (- CD) 


In column vectors, 


ab + (-Gby=(3)+(—3) = (5) 
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Multiplication by a scalar 


ita-( 3) then 20=2/ _)=( = 


Each component is multiplied by Ше number 2. 


Parallel vectors 


Vectors are parallel if they have the same 
direction. Both components of one vector must 
be in the same ratio to the corresponding 
components of the parallel vector. 


e.g. | E | is parallel to ( E ) 


6 3 
because | _10 ) may be written 2/ _5 ). 


In general the vector « : is parallel to | : ). 


Exercise 7 
Questions 1 to 36 refer to Ше 2) vectors. 


ООС 


4 4 -3 


e) eG) e) (79) 


Draw and label the following vectors on graph paper 
(take 1 cm to 1 unit). 


l. c 2. f 3. 2b 4. —a 
5. -g 6. 3a 7. је 8. 5d 
9, —th 10. 3g 11. ih 12. —3b 

Find the following vectors in component form. 

13. b - h 14, ГТ + g 

15. е –ђ 16. a-d 

17. g- h 18. 2a + 3c 

19. 3f + 2d 20. 4g — 2b 

21. 5a + ig 22. ач bc 

23. М-а+с 24. c 24 + Зе 


In each of the following, find x in component form. 


25. x - b-e 26. x+d=a 

27. c - x "f 28 х-8-1 

29. 2x+b=g 30. 2x 34 + р 
31. 20 <4-х 32. #- р= e— x 
33. 2х+ b- x +е 34. 3x —ђ=х +ћ 
35. at+b+x=b+a 36. 2x+e=0 


(zero vector) 


37. (a) Draw and label each of the following vectors 
on graph paper. 


(али) ае) 
a(o): m) m) 
ез| +з) 


(b) Find four pairs of parallel vectors amongst Ше 
ten vectors. 
38. State whether ‘true’ or ‘false’. 


(a) | E is parallel to | Ё: ) 
(с) | Е ) is parallel to ( Е ). 


орала о (о) 
o (:1)4(2)-(7) 


39. (a) Draw a diagram to 


illustrate the vector 


— -> 
addition АВ + CD. 
(b) Draw a diagram to > D 


> -> 
illustrate AB — CD. 
А — 
inc 
3 B 


40. Draw separate diagrams to illustrate the following. 
--» --» 
(a) FE * JI 
> -> 
(b) HG + FE 


(c) Ji - FÈ | Е G 
> > 
(d) HG + JI. D ИИ 
E х 
| 1 H 


9.4 Column vectors 


Exercise 8 


1. If D has coordinates (7, 2) and E has coordinates 
=> 
(9, 0), find the column vector for DE. 


2. Find the column vector ХҮ where X and Y have 
coordinates (—1, 4) and (5, 2) respectively. 


5 
2 


3. [n the diagram AB represents the vector 


— 
and BC represents the vector 3 


(a) Copy Ше diagram and mark 
point D such that ABCD is 
a parallelogram. 


(b) Write AD and СА as column 
vectors. 


A 


4. (a) On squared paper draw AB - | = | and 


3 4 
BC- | 2 ) and mark point D such that 


ABCD is a parallelogram. 
— — 
(b) Write AD and CA as column vectors. 
Copy the diagram below in which ОА = : ; 


— 
ОВ = 


Он 
• 


5 





M is the mid-point of AB. Express the following 
as column vectors. 
— — 
(a) BA (b) BM 
-> -> — -» 
(c) OM (use OM = ОВ + BM). 
Hence write down the coordinates of M. 


6. On a graph with origin at O, draw OA- | > ) 


and ОВ = | В: | . Given that M is Ше mid-point 
of AB, express the following as column vectors. 


— — > 
(а) ВА (b) BM (c) OM 
Hence write down the coordinates of M. 





7. 
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On a graph with origin at O, draw OA = | p. 


> 4 — -2 
ов- (5) аб ( 7%). 


(a) Given that M divides AB such that 
АМ: MB = 2:1, express the following as 
column vectors 
* -? .. > aoe => 
(i) BA (1) BM (iii) OM 
(b) Given that N divides AC such that 
AN: МС = 1:2, express the following as 
column vectors 
— 
(i) AC 


(ii) AN (iit) ON. 


. In square ABCD, side AB has column vector 


| : ) . Find two possible column vectors for BC. 


. Rectangle KLMN has an area of 10 square units 


-> 5 
and KL has column vector | ) . Find two 


0 
possible column vectors for LM. 


. In the diagram, ABCD is a trapezium in which 


> > 
DC = 2AB. р 
-» — А В 
If AB = p and AD =q 
express in terms of p and q 
— — 
(а) BD (b) АС 
— 
(c) BC 


q 


C 


. Find the image of the vector | : | after reflection 


in the following lines: 
(a) у=0 
(c) у= х 


(b) х= 0 
(d) у= —x 


Modulus of a vector 


The modulus of a vector a is written |а| and 
represents the length (or magnitude) of the 
vector. 





In the diagram above, a — | ) : 


By Pythagoras’ Theorem, |а| = М(52 + 32) 


|а| = V34 units. 


In general if x = | 1 | ‚|х| = V(m? + по). 


Part 9 Sets, vectors and functions 


Exercise 9 


Questions 1 to 12 refer to the following vectors. 
3 4 5 -3 

и (4) v) m2) 4-(7) 
-4 -3 

= | -3 ) ЈЕ ( а) 


From the following, leaving Ше answer in square root 
form where necessary. 


1. [al 2. |b| 3. lel 4. |d| 
5. |е| 6. |El 7. ја+ђ] 8. с-й 
9. |2е| 10. |f + 2b| 


11. (a) Find ја + с]. 

(b) Is ја + с| equal to |а| + le]? 
12. (a) Find |e + dl. 

(b) Is |e +d} equal to |e] + |d]? 


— 3 — 2 -» 
13. нАВ-( 3) ana B= ( 3 ) fina IACI. 


— 5 -> 0 — 
14. ЕРО - ( 3) ana OR =( | ). ва IPR]. 
-> 1 -> -2 — 2 
15. exe (1).xv-( 2 ) and Y= (3 ). 
—> 
find |WZ|. 


9.5 VECTOR GEOMETRY 


Example 1 





O $ B 


> > = 


E 
— 

In the diagram, OD = 204, OE = 4OB, 
— -» 
OA =a and ОВ = b. 

— —›_, 
(a) Express OD and OE in terms of a and b 

respectively. 

= 
(b) Express BA in terms of а and b. 

> 
(с) Express ED in terms of a and b. 

-> 


(d) Given Ша! BC = 3BÀ, express OC in terms 
of a and b. 


та 0 A n 
16. Given that ОР = | ) and OQ = ( ) , find 
2. 5 3 
(а) |ОР| 
> -» 
(b) A value for n |ОР| = [ОО]. 


: гэ 5 = 0 
17. Given that OA = | ) and ОВ = | | ‚ Апа 
ще 12 т 
(а) ОА 
> — 
(b) A value for m if |OA| = |OB|. 


Е =>» -3 = -15 
18. Given that LM = | 4 | апа ММ = | 5 ). find 
— 
(а) |LM| 
> — 

(b) A value for p if |[MN| = 3|LM] = 3. 
19. a and b are two vectors and |а| = 3. 

Find the value of |a + b| when: 

(a) b=2a 

(b) b = —За 

(c) bis perpendicular to a and |b] = 4. 
20. r and s are two vectors and |r| = 5. 

Find the value of |r + $| when: 

(а) s=Sr 

(b) 5= -2r 

(c) ris perpendicular to s and |s| = 5 

(d) s is perpendicular to (г + s) and |s| = 3. 


(e) Express EC in terms of a and b. 
(f) Hence show that the points E, D and C lie 
on a straight line. 


(d) OC - OB + BC 
OC + b + 3(—b +a) 


9.5 Vector geometry 


(f) Using the results for ЕР and EC, we see 
— — 
that EC = 3ED. 


Since EC and ED are parallel vectors which 
both pass through the point E, the points E, D 
and C must lie on a straight line. 


Exercise 10 


— — 
1. OD =20A, 
— --» 
ОЕ = ЗОВ, с 
— 
ОА за 
OB-b 
| D 
A 
O ъ B E 


(a) Express OD and OE in terms of a and b 
respectively. 

(b) Express BA in terms of a and b. 

(c) Express ED in terms of a and b. _ 

(d) Given Ша! ВС- АВА, express ОС in terms 
of a and b. 

(e) Express EC in terms of a and b. 


(f) Use the results for ED and EC to show that 
points E, D and C lie on a straight line. 


— — 
2. OY = 20В, 
— > 
ОХ = 3OA, C 
> 
ОА =а, 
=> 
OB - b. 
Y 
B 
О а А X 
— — 
(a) Express OY and OX in terms of b and a 
respectively. 


(b) Express AB in terms of a and b. 

(c) Express XY in terms of a and b. 

(d) Given that AC = 6AB, express OC jn terms 
of a and b. 

(e) Express XC in terms of a and b. 


(f) Use the results for XY and XC to show that 
points X, Y and C lie on a straight line. 
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— 
. OA за, 
> р 
OB =b; 
еи 
AQ -за, 
-> 
ВК =b, Q 
— — 
АР =2BA. 
О b B R 


(a) Express ВА and BP in terms of a and b. 
=> 

(b) Express КО in terms of a and b. 
> — 

(c) Express QA and ОР in terms of a and b. 


(d) Using the vectors for RÓ and QP, show 
that R, Q and P lie on a straight line. 


— — 
. In the diagram, OA = a and ОВ = b, Mis the 


mid-point of OA and P lies on AB such that 
> 0229 
AP <3 АВ. 


А 


O b B X 


(a) Express AB and AP in terms of a and b. 


(b) Express MA and MP in terms of a and b. 
(c) If X lies on OB produced such that OB = BX, 
> 


express MX in terms of a and b. 
(d) Show that MPX is a straight line. 
A 


—), 
‚ ОР=а, 

ЈА =3 

22 х м 

OB - b and 

M is the mid-point of AB. P 
a 
О b B 


(a) Express BP and AB in terms of a and b. 
— 
(b) Express MB in terms of a and b. 
— 
(c) If X lies on BP produced so that ВХ =k. BP, 
—» 


express MX in terms of a, b and К. 
(d) Find the value of k if MX is parallel to BO. 
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Part 9 Sets, vectors and functions 


6. AC is parallel to OB, 


— 172 
АХ = АВ; C 
--» 
ОА за, 
— 
ОВ = b, B 
=> 
АС = mb. тЬ 
b 
A a О 
— 
(a) Express AB in terms of a and b. 
— 
(b) Express AX in terms of a and b. 
(c) Express OX in terms of a, and b. 
— 
(d) Express BC in terms of a, b and m. 
(e) Given that OX is parallel to BC, find the 
value of m. 
Y 
. CY is parallel to OD 
ә ад? 
CX -;CD; D 
=> 
ОС =e, i 
—> d 
OD- d, 
=> 
СУ = nd. С с O 
(a) Express CD in terms of c and d. 
— 
(b) Express CX in terms of c and d. 
— 
(c) Express OX in terms of c and d. 
-> 
(d) Express DY in terms of c, d and n. 
(e) Given that OX is parallel to DY, find the 
value of n. 
B 
8. Mis the mid-point of AB 
N is the mid-point of OB; b 
—» 
ОА =а 
> 
O a A 


(a) Express АВ, АМ and ОМ in terms of 


a and b. 


(b) Given that G lies on OM such that 


OG: GM - 2:1, express 06 in terms of 
a and b. 


(c) Express AG in terms of a and b. 
— 
(d) Express AN in terms of a and b. 
— > 
(е) Show that АС = тАМ and find the value 


of m. 


9. M is the mid-point of AC and М is the mid-point 


10. 


11. 


a 


— 
ОВ=Ь, 
о 


В 


--» 
ОС = c. 


c 


>. С 
(a) Express AB in terms of a and b. 


(b) Express ON in terms of b. 

(c) Express AC in terms of a and c. 
(d) Express AM in terms of a and c. 
(e) Express OM in terms of a and c. 


(f) Express NM in terms of a, b and c. 
(г) If N and M coincide, write down an equation 
connecting a, b and c. 


> Р Q 
ОА =a, 


> 
ОВ =b. 


A 
a 
О b B 

(a) Express BÀ in terms of a and b. 
(b) Given that BX = тВА, show that 

ОХ = та +(1—m)b. 
(c) Given that OP = 4a and PO = 2b, express 

OQ in terms of a and b. 
(d) Given that Ox = лОО use the results for 


— =~ 
OX and ОО to find the values of m and n. 
D 


X is the mid-point of OD, 

Y lies on CD such that d 
A 12> 

CY < 1 1 СР; 

eg X 

OC =c, 


— 


OD = d. Ү 


О с С 


(а) Express Cb, CY and OY in terms of c and d. 
> 
(b) Express CX in terms of c and d. 


: — — --» n 
(c) Given that CZ = hCX, express OZ in terms 
of c, d and л. 


(d) If OZ - kOY ‚ form an equation and hence 
find the values of k and К. 


9.6 FUNCTIONS 


The idea of a function is used in almost every 
branch of mathematics. The two common 
notations used are: 

(a) f(x) =x? +4, 

(b) f: xi x? + 4. 


We may interpret (b) as follows 


‘function f such that x is mapped onto x? + 4". 


Example 1 

f(x) =3x-1, g(x)21-x? 

(а) f(2) = 5 (b) f(-1) = -7 
(c) g(0) = 1 (d) g(3) = -8 


(e) If f(x)=1 
Then 3х-1-1 

3x 

x 


энэ мэ 


Flow diagrams 


The function in Example 1 consisted of two 
simpler functions as illustrated by a flow 
diagram. 


3 3х-1 
x—>ļ| multiply by 3 = 


It is obviously important to ‘multiply by 3’ and 
‘subtract 17 in the correct order. 


Example 2 
Draw flow diagrams for the functions 
(a) f: хьэ (2x + 5)?, 


(b) g(x) - 278 


2x +5 2х + 5)- 
(a) 2 mutipty 2} aaa s] 2 square 529 





-7 5 
(b) 3 multiply by (-7) = 


5 = 
ХУ divide by 3 
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Exercise 11 


1. Given the functions л: x x? + 1 and 
g:xr 10x + 1. Find 
(а) #(2), 1(—3), h (0), 
(b) (2). g(10), (73). 


In questions 2 to 15, draw a flow diagram for each 
function. 





2. Ј: хе 5Х + 4 3. Е: хе З(х – 4) 

| 4. fixi (2x + 7) 5. f: x (2525 

6. fi 7. f:xbo 2x? +1 
3х? 

8. Ѓ:хнэ5-+5 9. Г: хьэ V(4x — 5) 


10. Г: х» 47(х2 + 10) 
12. f:x 4(3х + 1) + 5 


2 Р 
їй а 10М(х = 1) +6 


i) 2 
15. /:х— (5 + | -6 


11. /:х (7—3х)? 
13. f:xio 5 - х? 


4 


For questions 16, 17 and 18, the functions f, g and A 
are defined as follows: 
ј;хне 1 —2х 


pid 
58-39 10 


TS 
X 


16. Find 
(a) Г(5), fC-5). Ка) 
(b) 202), #(—3), 603) 
(c) #(3), #(10), h (3). 
17. Find 
(a) xiff(x) 2-1 
(b) x if f(x) = —11 
(c) x if h(x) = 1. 
18. Find 
(a) y if g(y) = 100 
(b) z if A(z) = 24 
(c) wifg(w)-20.8. 





200 


Part 9 Sets, vectors and functions 


For questions 19 and 20, the functions k, / and m are 
defined as follows: 


2x? 


k : x= — 


3 


Пу V[(y-1)X(y- 2)] 
m:xr 10 – х?. 


19. 


20. 


21. 


22. 


25. 


26. 


27. 


28. 


Find 
(a) k(1), k(6), k(—3). 
(b) /(2), (00), (4), 
(С) m(4), т(-2), m(3). 
Find 
(a) x if k(x) 26 
(b) xifm(x)=1 
(c) yif k(y) = 23 
(d) p if m(p) = -26. 
f(x) is defined as the product of the digits of x, 
e.g. f(12)=1x2=2. 
(a) Find (i) f(25) (ii) f(713) 
(b) If x is an integer with three digits, find 
(i) x such that f(x) = 1 

(и) the largest x such that f(x) = 4 

(iii) the largest x such that f(x) =0 

(iv) the smallest x such that f(x) = 2. 
g(x) is defined as the sum of the prime factors of 
x, e.g. 2 (12) =2+3=5. Find 
(a) g(10) (b) g(21) (c) #(36) 
(d) g(99) (e) g(100) (f) g(1000) 


. h(x) is defined as the number of letters in the 


English word describing x, e.g. A (1) = 3. Find 


(a) h(2) (b) #(11) (c) 1(18) 
(d) the largest value of x for which A (x) = 3. 


‚ If f: x—. next prime number greater than x, find: 


(a) f(7) (b) f(14) (c) FIFO) 
If g:x — 2* + 1, find: 
(a) gQ) (b) g(4) (c) g(-1) 


(d) the value of x if g(x) = 9 

The function f is defined as f: x ах + b where 
a and b are constants. 

If f(1) =8 and f(4) = 17, find the values of а and 
b. 


The function g is defined as g(x) = ax? + b where 
a and b are constants. 

If g(2) = 3 and g(—3) = 13, find the values of a 
and b. 

Functions h and k are defined as follows: 
h:x» x? 1, k:xe ax + b, where a and b are 
constants. 

If A (0) = k (0) and k (2) = 15, find the values of a 
and b. 


Composite functions 


The function f: x> 3x + 2 is itself a composite 
function, consisting of two simpler functions: 
‘multiply by 3’ and ‘add 2’. 


If f: хы 3x + 2 and е: x x? then fg is a 
composite function where g is performed first 
and then f is performed on the result of g. 


The function fg may be found using a flow 
diagram. 


2 3x? 3x2 + 2 
5 square = multiply by 3 5 
24 d. 
Thus fg : xi» 3x? + 2. 


Inverse functions 


If a function f maps a number п onto m, then the 
inverse function f~' maps m onto n. The inverse 
of a given function is found using a flow diagram. 


Example 3 


5x —2 


Find the inverse of f where f: x —^ 3 


(a) Draw a flow diagram for f 


5х – 2 


х 5 5x ~ 2 
multiply by 5 2 5-5 divide by 3 


(b) Draw a new flow diagram with each 
operation replaced by its inverse. Start with x 
on the right. 


3x+2 


5 3x+2 3 
divide by 5 = = multiply by 3 


Thus the inverse of f is given by 


f^ as ET 


Revision exercise 9A 


Exercise 12 


For questions 1 and 2, the functions f, g and ћ are as 
follows: /:хьэ4х 

Е :хъх+5 

h:xex? 


1. Find the following in the form 'x ...' 


(a) fg (b) gf (c) hf 
(d) fh (e) gh (f) fgh 
(g) hfg 

2. Find 


(a) xif hg(x) + h(x) 
(b) х fh (x) = gh(x) 
For questions 3, 4 and 5, the functions f, g and A are 
as follows: f :x——2x 
gxre x – 3 
hx» x? 


3. Find the following in the form “хо...” 


(a) fg (b) gf (c) gh 
(d) hf (e) ghf (f) hgf 
4. Evaluate 


(а) fg(4) (b) gf(7) (c) gh(—3) 
(d) faf(2) (e) ggg(10) (0 Afh(—2) 
S. Find 
(a) xif f(x)=g(x) (b) x if hg(x) = gh(x) 
(c) x if gf(x) 20 (d) x if fe(x) 24 
For questions 6, 7 and 8, the functions, /, т and n are 
as follows: /: хы 2х +1 
m:xe3x-1 
n:xex? 


6. Find the following іп the form ‘xr .. .' 


(a) Im (b) ml (c) In 
(d) nm (e) inm (f) min 
7. Find 
(a) Im(2) (b) па) (с) mn(-2) 


(4) mm(2) (е) ит(2) (f) т(0) 


REVISION EXERCISE 9A 


1. Given that £ = (1, 2, 3, 4, 5, 6, 7, 8}, 
А = (1,3, 5), B (5, 6, 7}, list the members of 


the sets 

(a) ANB (0) AUB 
(c) A' (d) A'nB' 
(e) AUB' 


2. The set P and О are such that n (P U О) = 50, 
п(РПО) = 9 and n(P) = 27. Find the value of 
n(Q). 
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8. Find 
(a) x if f(x) 2 m(x) 
(b) two values of x if nl(x) = пт (х) 
(c) x if n(x) = mn(x) 


In questions 9 to 26, find the inverse of each function 
in the form ‘xr...’ 


9. f:x 5х -2 10. f:x 5(х — 2) 
11. f: x 3(2x + 4) 12. gia ЕЕ 
13. Тэнэг ЗГ 14. g:x—2(3x + 4) - 6 
15. й:хн>3(4 + 5x) + 10 
16. К: хн> —7x + 3 17. ўс» 2—25 
4 а -3| 
18. l: x> —— +2 19. m: x> 
3 5 
X 
- +6 
20. fase 2-5 21. р:х> Er +7 


22. А calculator has the following function buttons: 
xx; xe Vx; xet; xelogx; 
x1nx; xmsinx; xcosx; xetanx; хых! 
Find which button was used for the following 


input/outputs: 

(a) 1000000 1000 (ЫЬ) 1000— 3 

(с) 36 (а) 0-2— 0-04 

(е) 100-1 (f 45-1 

(g) 0-5-2 (h) 64—8 

(i) 60—05 0) 1—0 

(k) 135— —1 (1) 10— 3628 800 
(m) 0-1 (n) 30— 0-5 

(0) 90—0 (р) 0:42 2:5 

(9) 4—24 (г) 10000006 


3. Draw three diagrams similar to Figure | below, 
and shade the following. & 
(а) ОПК’ Р Q 
(b (PUQ)NR 
(с) (РПО) ПК" 


Fig. 1 
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6. The figures in Ше 


Part 9 Sets, vectors and functions 


. Describe the shaded regions in Figures 2 and 3. 


(a) (b) 
A B j А 


С С 


Fig. 2 Fig. 3 


. Given that £ = ( people on a train), М = {males}, 


T = (people over 25 years old) and 
S = {snooker players} 
(a) express in set notation: 
(i) all the snooker players are over 25 
(ii) some snooker players are women. 
(b) express in words T N M’ = Ø. 


diagram indicate the 
number of elements in 
each subset of £. 

(a) Find n (P  R) 

(b) Find n(QU R)' 
(c) Find n(P' N Q’). 





. In AOPR, the mid-point 


of PR is M. 
-» — 

If OP = p and OR = г, P 
find in terms of p and r 

— > 
(а) РК (b) PM 

— 
(c) OM О г В 


1 -3 
8. па- (1) and b=( 4 ) ва 


(a) | (b) |a + Ы (c) |2a — bl 


EXAMINATION EXERCISE 9B 


9. 


11. 


12. 


13. 


14. 


15. 


16. 


и4(1)+2( 1 -3 ý , find the values 
3 m -6 


of m and n. 


. The points O, A and B have coordinates (0, 0), 


(5, 0) and (-1, 4) respectively. Write as column 
vectors. 


— — — — — 

(a) OB (b ОА + ОВ (с) ОА – ОВ 
— 

(d) OM where M is the mid-point of AB. 


In the parallelogram OABC, M is the mid-point of 
AB and N is the mid-point of BC. 


— — 

If OA =a and OC = c, express in terms of a 
and c., Е = 
(а) СА (b) ON (c) NM 
Describe the relationship between CA and NM. 
The vectors a, b, c are given by 


(esie) 


Find numbers т and n so that ла + nb = c. 
| 23 ГД E 0 
Given that OP = | 2 ). ОО = | 4 and that M is 
the mid-point of РО, express as column vectors 
— — — 
(a) РО (b) PM (c) OM. 
Given f: xi» 2x — 3 and g : x> x? — 1, find 
(а) f(-1) (b) 8(-1) 
(с) /8(-1) (d) gf(3) 
Write the function ff in the form 'ff: xi ...' 
Lae 
5 
express f^! and A^! in the form хэ... 
Find (a) f^*(13) 
(b) the value of z if f(z) 2 20. 
Given that f(x) =x — 5, find 
(a) the value of s such that f(s) 2 —2, 
(b) the values of t such that t x f(t) = 0. 





If f : хн> 3x + 4 and А : xir» 


1. Nineteen people are employed in an office. The Venn diagram shows some details 
about the number who can do audio-typing (А), shorthand-typing (S) and use the 
word processor (W). They all have at least one of these skills. 


(a) 11 office workers can do audio-typing. Find x. 
(b) If 6 office workers cannot do either method of typing, how many can do 
shorthand-typing? 
(c) Nobody does only shorthand-typing. Find: 
(1) How many can use the word-processor. 
(ii) How many can both use the word-processor and do shorthand-typing. 
(d) Copy the Venn diagram and shade the region WN A’NS’. 
Give a brief description of this set. [S] 


Examination exercise 9B 


A 
F 
E 
D 
B 
E D 
A 


2. 


2 
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In triangle OAL, the mid-point of OA is К and the mid-point of OL is B. 


Given that OA = a and OB = b, express the vectors OK, OL, KB and AL in 
terms of a and b, and prove that KB is parallel to AL. 


State the ratio of the area of triangle OAL to the area of triangle OKB. [N] 


. АВСОЕЕ is a regular hexagon and O is its centre. The vectors x and y are such 


— — 
that AB = x and BC = y. 
> э => — 
Express in terms of x and y the vectors AC, AO, CD and BF. [M] 


In a video game, a spot on the screen bounces off the four sides of a rectangular 
frame. The spot moves from A to B to C to D, as shown in the diagram below. 





(a) What can you say about the angle at which the spot bounces off each side, 
compared with the angle at which it approached that side? 


(b) The column vector describing the part AB of the movement is | : | 


Write down Ше column vectors describing BC and СО. 
(c) What do you notice about the parts of the path AB and CD? 
Justify your answer using the column vectors. 
From D, the spot moves to a point E on the fourth side of the frame. 
(d) Given that the spot continues in the same way, write down the vector DE. 


(e) Given that the spot bounces off the fourth side at E and continues to move. 
describe its subsequent path. [W] 


‚ In the triangle OAB shown, OC = 20B, ОА = а, OB = b. 


(a) Express the vectors OC, CB and ВА in terms of a, or b, or a and b. 
The point D divides ВА in the ratio 3:2. 


(b) Find BD and CD in terms of a, or b, or a and b. 
(c) Give the special name of the quadrilateral OCDA. 
area of triangle OAB 
area of triangle CDB ' 
(e) Given that the area of the quadrilateral OCDA is 48 cm’, find the area of 
the triangle CBD. [L] 


(d) Calculate the value of 
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6. The point X lies on the side OA of the triangle OAB and OX = ОА. The vectors 


B — — . . — | 3 
a and b are such that OA = a and ОВ = b. The point P is such that OP = га + =b. 
(a) Express. in terms of a and b. the vectors 
-» — 
(i) BX. (ii) BP. 
(b) By considering the results of part (а), or otherwise, show that the line ВХ 
passes through P and write down the numerical value of 59 
5 5 " (c) Given that the area of triangle OAB is 30 ст“, calculate 
NOT TO SCALE (i) the area of triangle ABX, 
(ii) the area of triangle ABP, 
(iii) the area of triangle OPA. [М] 
7. For positive values of x, f(x) = x^ — 8 апа g(x) =х+ 1. 
(a) Find (i) gf(x): — (ii) е (ах). 
(b) Form the equation gf (x) = g^ (х) and find the value of x. [M] 


8. A sketch of the graph of f(x) = sin x^ for 0 <x = 360 is shown below. 





(a) On the same axes, draw a line to show how you would find the set of solutions 
of the equation f(x) = 0-6. 
(b) Sketch the graph of g(x) = 1 — sin x? for 0 <x = 360. 


(c) Given that (х) ==. express А (x) in terms of x and evaluate Л/ (40). [N] 


9. The function f. whose graph is shown, is given буѓ: х +> px? + д. for -2<x «2. 

(a) State the value of q. 

(b) Calculate p. 

(c) Draw a flow chart, using your values of p and q, for calculating f(x) from a 
given value of x. 

(d) Find the largest value of f(x). 

(e) If f hg, where р is the function given by g : x > x^, express й in the form 
h:xm.... [1] 





10 Statistics and probability 





Blaise Pascal (1623—1662) suffered the most appalling 
ill-health throughout his short life. He is best known for 
his work with Fermat on probability. This followed 
correspondence with a gentleman gambler who was 
puzzled as to why he lost so much in betting on the basis 
of the appearance of a throw of dice. Pascal's work on 
probability became of enormous importance and showed 
for the first time that absolute certainty is not a necessity in 
mathematics and science. He also studied physics, but his 
last years were spent in religious meditation and illness. 





10.1 DATA DISPLAY 


Bar chart The length of each bar represents the quantity in 


question. The width of each bar has no 
significance. In the bar chart above, the number 
of the cars of each colour in a car park is shown. 
The bars can be joined together or separated. 


Histogram 


A histogram is similar to a bar chart but it is not 
the same. A histogram is a diagram which is used 
to represent a frequency distribution and consists 
Of a set of rectangles whose areas represent the 
frequency of the various data. If all the 

green blue red yellow others rectangles have the same width, the frequencies 
will be represented by the heights of the 
rectangles. 


colour of cars 
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Example 1 Exercise 1 
In a survey, people on a bus were asked how 1. The bar chart shows the number of children 
long they had waited before the bus arrived. playing various games on a given day. 


Time waiting 
(to the nearest 
minute) 






50] number of children 





40 


Number of 

people 2 
This information is shown on the histogram 20 
below. 


10 
Number of people 





Hockey Football 


Rugb 
vid nnis Netball Squash 


(a) Which game had the least number of players? 
(b) What was the total number of children playing 
all the games? 
(c) How many more footballers were there than. 
tennis players? 
2. The table shows the number of cars of different 
Notice: (a) There are no gaps between the makes in a car park. Illustrate this data on a bar 
rectangles. chart. 
(b) The bases of Ше rectangles are 21 to 
75, 75 to 121, 123 to 174, 171 to 221. 





5 10 15 20 25 
Waiting time (minutes) 


Make Fiat Renault Leyland Rolls Royce Ford Datsun 


Number| 14 23 37 5 42 18 


Pie chart 3. The pie chart illustrates the 


values of various goods sold 
by a certain shop. If the 
total value of the sales was 
£24 000, find the sales value 


= » of 
со (а) toys 





(b) grass seed 
(c) records 


| ЗУ?” : (d) food. 
The information is displayed using sectors of a 
circle. 4. The table shows the colours of a random selection 
This pie chart shows the same information as the of 'Smarties'. Calculate the angles on a pie chart 
bar chart on the previous page. corresponding to each colour. 
des angles of the sectors are calculated as colour | red | green | blue | yellow | pink 
ollows: 


number | 5 7 11 4 9 
Total number of cars = 10+ 14+ 20 + 10 + 6 | | | , | 
= 60 5. А quantity of scrambled eggs is made using Ше 


following recipe: 


10 o 
Angle representing green cars — 60 х 360 ingredient | eggs |milk |butter |cheese |salt/pepper 
= 60? mass 450g|20g | 39g | 90g lg 


Angle representing blue cars = та х 360°, etc. Calculate the angles on a pie chart corresponding 
to each ingredient. 


10. 


11. 


12. 


10.1 Data display 


. Calculate the angles on a pie chart corresponding 


to quantities А, B, C, D and E given in the tables. 
(a) quantity A - - | Е 
number (315131710 
(b) quantity | A | В | С | D | E 
mass 10р | 15g | 34р | 86 | 5g 
(c) quantity 21 ЕН | Е 
length 7 11119 114111 


. A firm making artificial sand sold its products in 


four countries. 
5% were sold in Spain 
1590 were sold in France 
15% were sold in Germany 
65% were sold in U.K. 
What would be the angles on a pie chart drawn to 
represent this information? 


. The weights of A, B, C are in the ratio 2:3:4. 


Calculate the angles representing A, B and Con a 
pie-chart. 


. The cooking times for meals L, M and N are in 


the ratio 3:7: x. On a pie-chart, the angle 

corresponding to L is 60°. Find х. 

The results of an opinion poll of 2000 people are 

represented on a pie chart. The angle 

corresponding to ‘don’t know’ is 18°. How many 
people in the sample did not know? 

The transfer fees of five players are as follows: 

Gibson £4-50 Crisp £9 
Campbell £6 Raynor £80 
Hawley 50р 

Calculate the angles on a pie chart corresponding 

to Campbell and Hawley. (This example illustrates 

one of the limitations of a pie-chart: negative 
quantities cannot be displayed.) 

The pie chart illustrates the 

sales of various makes of petrol. 

(a) What percentage of sales 
does ‘Esso’ have? 

(b) If ‘Jet’ accounts for 
125% of total sales, 
calculate the angles x 
and y. 
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13. Thirty pupils in a class are weighed on the first day 
of term. The results are shown below. 


Weight (kg)|36—40 |41—45]46—50 |51—55 |56-60 
Frequency | 5 7 10 5 3 


Draw a histogram to illustrate the results. 


14. The times taken by 19 runners in a race were 
recorded to the nearest minute as follows: 


Time (min) | 13-15 | 16-18 | 19-21 | 22-24 
Frequency 3 3 7 4 
Draw a histogram to illustrate the results. 


15. The diagram illustrates the production of apples in 
two countries. 


U.K. FRANCE 
470 950 
thousand thousand 
tonnes tonnes 


In what way could the pictorial display be regarded 
as misleading? 

16. The graph shows the performance of a company in 
the year in which a new manager was appointed. 
In what way is the graph misleading? 


Profit (£ 1000) 
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10.2 MEAN, MEDIAN AND MODE 


(a) The mean of a series of numbers is obtained 
by adding the numbers and dividing the 
result by the number of numbers. 


(b) The median of a series of numbers is 
obtained by arranging the numbers in 
ascending order and then choosing the 
number in the ‘middle’. If there are two 
‘middle’ numbers the median is the average 
(mean) of these two numbers. 


(c) The mode of a series of numbers is simply 
the number which occurs most often. 


Example 1 


Find the mean, median and mode of the 
following numbers: 
5, 4, 10, 3, 3, 4, 7, 4, 6, 5. 


(a) Меап=2+4+10+3+3+4+7+4+6+5) 
D 10 
51 


10-21 


(b) Median: arranging numbers in order of size 
3, 3, 4, 4, 4, 5, 5, 6, 7, 10 


The median is the ‘average’ of 4 and 5 
median = 4-5. 


(c) Mode = 4 (there are more 4's than any other 
number). 


Frequency tables 


А frequency table shows a number x such as a 
mark or a score, against the frequency f or 
number of times that x occurs. 


The next example shows how these symbols are 
used in calculating the mean, the median and the 
mode. 


The symbol È (or sigma) means “Ше sum of’. 


Example 2 


The marks obtained by 100 students in a test 
were as follows: 


mark (x) 0 1 2 3 4 


frequency (f) 4 19 25 29 23 


Find 
(a) the mean mark 
(c) the modal mark 


(b) the median mark 


_ Lf 
(a) Mean Ef 
where Ух} means ‘the sum of the products’ 
i.e. (number X frequency) 
and Xf means 'the sum of the frequencies' 


(0x4) + (1х19) + (2x25) + (3x29) + (4x23) 
Mean — 


100 
_ 248 
= = 2-48 


(b) The median mark is the number between the 
50th and 5151 numbers. By inspection, both 
the 50th and 51st numbers are 3. 


Median = 3 marks. 
(c) The modal mark = 3. 


Exercise 2 

1. Find the mean, median and mode of the following 
sets of numbers: 
(a) 3, 12, 4, 6, 8, 5, 4 
(b) 7, 21, 2, 17, 3, 13,7, 4,9, 7,9 
(с) 12, 1, 10, 1, 9, 3, 4, 9,7, 9 
(9) 8, 0, 3, 3, 1, 7, 4, 1, 4, 4. 

2. Find the mean, median and mode of the following 


sets of numbers: 
(a) 3, 3, 5, 7, 8, 8, 8, 9, 11, 12, 12 
(b) 7, 3, 4, 10, 1, 2, 1, 3, 4, 11, 10, 4 
(c) -3. 4, 0, 4, -2, 23: 1,7, 10,5 
(d) 1,5,5 2, 3, ү 2,5 2»4 1,3. 

3. The mean weight of five men is 76 Кр. The weights 
of four of the men are 72 kg, 74 kg, 75 kg and 
81 kg. What is the weight of the fifth man? 

4. The mean length of 6 rods is 44-2 cm. The mean 
length of 5 of them is 46 cm. How long is the sixth 
rod? 


10. 


11. 


12. 


10.2 Mean, median and mode 


. (a) The mean of 3, 7, 8, 10 and x is 6. Find x. 


(b) The mean of 3, 3, 7, 8, 10, x and x is 7. 
Find x. 


. The mean height of 12 men is 1:70 m, and the 


mean height of 8 women is 1:60 m. Find 

(a) the total height of the 12 men, 

(b) the total height of the 8 women, 

(c) the mean height of the 20 men and women. 


. The total weight of 6 rugby players is 540 kg and 


the mean weight of 14 ballet dancers is 40 kg. Find 
the mean weight of the group of 20 rugby players 
and ballet dancers. 


. The mean weight of 8 boys is 55 kg and the mean 


weight of a group of girls is 52 kg. The mean 
weight of all the children is 53-2 kg. How many 
girls are there? 


. A group of 50 people were asked how many books 


they had read in the previous year; the results are 
shown in the frequency table below. Calculate the 
mean number of books read per person. 


— 123 45 6 7 8 
Frequency 5569117421 
A number of people were asked how many coins 
they had in their pockets; the results are shown 


below. Calculate the mean number of coins per 
person. 


Number of coins | 0123456 7 
Frequency 36475852 
The following tables give the distribution of marks 


obtained by different classes in various tests. For 
each table, find the mean , median and mode. 


(a) Mark E 123456 
Егедиепсу|3 5 8 9 5 7 3 

(b) Mark | 15 16 17 18 19 20 
Frequency} 1 3 7 1 5 3 

(c) Mark | 0 12 3 4 5 6 
Frequency| 10 11 8 15 25 20 11 


One hundred golfers play a certain hole and their 
scores are summarised below. 


23 4 5 6 7 8 
Number of players| 2 7 24 31 18 11 7 


Score 


Find 
(a) the mean score 
(b) the median score. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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The number of goals scored in a series of football 
matches was as follows: 


2-3 


Number of matches 8 8 х 


Number of goals | 


(a) If the mean number of goals is 2-04, find х. 

(b) If the modal number of goals is 3, find the 
smallest possible value of x. 

(c) If the median number of goals is 2, find the 
largest possible value of x. 

[n a survey of the number of occupants in a 

number of cars, the following data resulted. 


3 4 
7 x 


(a) If the mean number of occupants is 25, 
find x. 
(b) If the mode is 2, find the largest possible value 
of x. 
(c) If the median is 2, find the largest possible 
value of x. 
The numbers 3, 5, 7, 8 and N are arranged in 
ascending order. If the mean of the numbers is 
equal to the median, find N. 
The mean of 5 numbers is 11. The numbers are in 
the ratio 1:2:3:4:5. Find the smallest number. 
The mean of a set of 7 numbers is 3-6 and the 
mean of a different set of 18 numbers is 5:1. 
Calculate the mean of the 25 numbers. 
The number of illnesses suffered by the members 
of a herd of cows is as follows: 


Number of 227 0 1 23 

Number of cows 31 1.1 5 3 

(a) Find 

(i) the mean number of illnesses, 
(ii) the median number of illnesses. 

(b) In a different herd of 30 cows, the mean 
number of illnesses was 0-8. Find the mean 
number of illnesses for the 80 cows. 

The median of five consecutive integers is N. 

(a) Find the mean of the five numbers. 

(b) Find the mean and the median of the squares 
of the integers. 

(c) Find the difference between these values. 

The marks obtained by the members of a class are 

summarised in the table. 


Number of occupants| 1 [2] 


Number of cars 7 11 


Mark x у 2 
Frequency; а b с 


Calculate the mean mark in terms of a, b,c, х, y 
and z. 
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The points on Ше graph are plotted at the upper 804 cumulative frequency 
limit of each group of marks. 


From the cumulative frequency curve 
median -- 55 marks 

lower quartile = 37-5 marks 50 

upper quartile = 68 marks 

inter-quartile range = 68 — 37-5 

= 30-5 marks. ic 


10.3 CUMULATIVE FREQUENCY 


It is possible to record data in groups (class intervals) giving the frequency 
of occurrence in each group. A cumulative frequency curve (or ogive) shows 
the median at the 50th percentile of the cumulative frequency. 

The value at the 25th percentile is known as the lower quartile, and that at 
the 75th percentile as the upper quartile. 

A measure of the spread or dispersion of the data is given by the inter- 
quartile range where 


inter-quartile range — upper quartile — lower quartile. 


Example I 


The marks obtained by 80 students in an examination are shown below. 


marks represented by 


mark frequency cumulative frequency cumulative frequency 
1-10 3 3 <10 
11-20 5 8 <20) 
21-30 5 13 «30 
31-40 9 22 «40 
41—50 11 33 =50 
51-60 15 48 =60 
61-70 14 62 x70 
71-80 8 70 =80 
81—90 б 76 =90 
91-100 4 80 < 100 


The table also shows the cumulative frequency. 

Plot a cumulative frequency curve and hence estimate 
(a) the median 

(b) the inter-quartile range. 







70 


u uartile 
60 cic CUMPLA MM. с... — 1595 


404---------- 


20]— —— — == 
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Exercise 3 In questions 3 to 6, draw a cumulative frequency 
curve, and find 


1. Figure 1 shows the cumulative frequency curve for (a) the median, (b) the interquartile range 


the marks of 60 students in an examination. 




















_ 3. mass (Кр) frequency 
” cumulative frequency —_— —__— 
| | 1-5 4 
шаа ма 6-10 7 
40 -— 16-20 18 
: 26-30 10 
- 1 
e ш 31-35 5 
um | : 36-40 3 
М 0 10 20 30 40 50 60 70 80 90 100 marks 
Figure 1 
From the graph, estimate 4. length (cm) печено 
(а) the median mark 41-50 6 
(b) the mark at Ше lower quartile and at Ше upper 5 "n 80 8 
quartile 51-70 14 
(c) the inter-quartile range 71-80 21 
(d) the pass mark И two-thirds of the students 81-90 26 
parce "T 91-100 14 
(e) the number of students achieving less than 101—110 7 
mans 111-120 4 | 
2. Figure 2 shows the cumulative frequency curve for 
the marks of 140 students in an examination. 
cumulative frequency $. time (seconds) frequency 
140 36—45 3 
1204“ 46-55 7 
M 200001 
S ge 16-85 12 
40] о 96-105 4 
о! | — ———— 
: Q 10 20 30 40 50 60 70 80 90 100 marks ——————'— 0€ 
Figure 2 mE | 6. numberof marks frequency 
From the graph, estimate 1-10 0 
(a) the median mark 11-20 2 
(b) the mark at the lower quartile and at the upper 21-30 4 
quartile 31-40 10 
(c) the inter-quartile range 41-50 17 
(d) the pass mark if three-fifths of the students 51-60 11 
раззей 61-70 3 
(e) the number of students achieving more than 71-80 3 


30 marks. 
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7. In an experiment, 50 people were asked to guess 
the weight of a bunch of daffodils in grams. The 
guesses were as follows: 


47 39 21 30 42 35 44 36 19 52 
23 32 66 29 5 40 33 11 44 22 
27 58 38 37 48 63 23 40 53 24 
47 22 44 33 13 59 33 49 57 30 
17 45 38 33 25 40 51 56 28 64 


Construct a frequency table using intervals 0-9, 

10-19, 20-29, etc. Hence draw a cumulative 

frequency curve and estimate 

(a) the median weight 

(b) the inter-quartile range 

(c) the number of people who guessed a weight 
within 10 grams of the median. 


10.4 SIMPLE PROBABILITY 


8. In a competition, 30 children had to pick up as 
many paper clips as possible in one minute using a 
pair of tweezers. The results were as follows. 


3 17 81 26 23 18 28 33 38 
12 38 22 50 5 35 39 30 31 43 
27 34 9 25 39 14 27 16 33 49 


Construct a frequency table using intervals 1—10, 
11-20, etc. and hence draw a cumulative frequency 
curve. 

(a) From the curve, estimate the median number 
of clips picked up. 

(b) From the frequency table, estimate the mean 
of the distribution using the mid-interval 
values 5:5, 15:5, etc. 

(c) Calculate the exact value of the mean using 
the original data. 

(d) Whyis it possible only to estimate the mean 
in part (b)? 





Probability theory is not the sole concern of 
people interested in betting, although it is true to 
say that a ‘lucky’ poker player is likely to be a 
player with a sound understanding of probability. 
All major airlines regularly overbook aircraft 
because they can predict with accuracy the 
probability that a certain number of passengers 
will fail to arrive for the flight. 


Suppose a ‘trial’ can have equally likely results 
and suppose that a ‘success’ can occur in s 
ways (from the л). Then the probability of a 

5 


‘success’ = —. 
n 


Example 1 


A single card is drawn from a pack of 52 playing 
cards. Find the probability of the following 
results: 


(a) the card is an ace 

(b) the card is the ace of hearts 
(c) the card is a spade 

(d) the card is a picture card. 


We will use the notation ‘p (an ace)’ to represent 
‘the probability of selecting an ace’. 


22522: 
(a) p (an ace) = 52-13 


(b) p (ace of hearts) — = 


_13 1 
(c) p (a spade) = 52-34 


3 

13: 

In each case, we have counted Ше number of 
ways in which a ‘success’ can occur and divided 
by the number of possible results of a ‘trial’. 


(d) p (a picture card) < 2 - 


Example 2 


A black die and a white die are thrown at the 

same time. Display all the possible outcomes. 

Find the probability of obtaining: 

(a) a total of 5, 

(b) a total of 11, 

(c) a 'two' on the black die and a 'six' on the 
white die. 


It is convenient to display all the possible 
outcomes on a grid. 


10.4 Simple probability 


Number 4 
on black 
die 


- 1 w 


1 2 3 4 5 6 
Number on white die 


There are 36 possible outcomes, shown where 
the lines cross. 


(a) There are four ways of obtaining a total of 5 
on the two dice. They are shown circled on 
the diagram. 


Probability of obtaining a total of 5 — = 


(b) There are two ways of obtaining a total 
of 11. They are shown with a cross on the 
diagram. 

1 

18 


(c) There is only one way of obtaining a 'two' on 
the black die and a 'six' on the white die. 


p (total of 11) = = = 


p (2 on black and 6 on white) = x 


Exercise 4 


1. One card is drawn at random from a pack of 52 
playing cards. Find the probability of drawing 
(a) a ‘King’, 

(b) a red card, 
(c) the seven of clubs, 
(d) either the King, Queen or Jack of diamonds. 


2. A fair die is thrown once. Find the probability of 
obtaining 
(а) a six, 
(b) an even number, 
(c) a number greater than 3, 
(d) a three or a five. 


3. A 10р and a 5p coin are tossed at the same ите. 
List all the possible outcomes. Find the probability 
of obtaining 


(a) two heads, (b) a head and a tail. 
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4. A bag contains 6 red balls and 4 green balls. 


(a) Find the probability of selecting at random: 
(i) a red ball (ii) a green ball. 

(b) One red ball is removed from the bag. 
Find the new probability of selecting at 
random 


(i) a red ball (ii) a green ball. 


. А ‘hand’ of 13 cards contains the cards shown. 





A card is selected at random from the 13. 
Find the probability of selecting: 

(a) any card of the heart suit, 

(b) any card of the club suit, 

(c) a ‘six’ of any suit, 

(d) any 'picture' card [not including an ace], 
(e) the 'four' of clubs, 

(f) an ‘eight’ of any suit, 

(2) any ‘six’ or ‘four’. 


. One letter is selected at random from the word 


‘UNNECESSARY’. Find the probability of 
selecting 

(а) anR (b) an E 

(с) an О (d) aC 


. The King, Queen and Jack of clubs are removed 


from a pack of 52 playing cards. One card is 
selected at random from the remaining cards. Find 
the probability that the card is: 

(a) a heart (b) a King 

(c) a club (d) the 10 of hearts. 


. Three coins are tossed at the same time. List all 


the possible outcomes. Find the probability of 
obtaining 

(a) three heads, 

(b) two heads and one tail, 

(c) no heads, 

(d) at least one head. 


. А bag contains 10 red balls, 5 blue balls and 


7 green balls. Find the probability of selecting at 
random: 

(a) a red ball, 

(b) a green ball, 

(c) a blue or a red ball, 

(d) a red or a green ball. 
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Part 10 Statistics and probability 


10. Cards with the numbers 2 to 101 are placed in a 


11 


* 


12. 


13. 


14. 


hat. Find the probability of selecting: 
(a) an even number, 

(b) a number less than 14, 

(c) a square number, 

(d) a prime number less than 20. 


A red die and a blue die are thrown at the same 
time. List all the possible outcomes in a systematic 
way . Find the probability of obtaining: 

(a) a total of 10, 

(b) a total of 12, 

(c) a total less than 6, 

(d) the same number of both dice, 

(e) a total more than 9. 

What is the most likely total? 


A die is thrown; when the result has been 

recorded, the die is thrown a second time. Display 

all the possible outcomes of the two throws. Find 

the probability of obtaining: 

(a) a total of 4 from the two throws, 

(b) a total of 8 from the two throws, 

(c) a total between 5 and 9 inclusive from the two 
throws, 

(d) a number on the second throw which is 
double the number on the first throw, 

(e) a number on the second throw which is four 
times the number on the first throw. 


Find the probability of the following: 
(a) throwing a number less than 8 on a single die, 
(b) obtaining the same number of heads and tails 
when five coins are tossed, 
(c) selecting a square number from the set 
A = (4, 9, 16, 25, 36, 49), 
(d) selecting a prime number from the set A. 


Four coins are tossed at the same time. List all the 
possible outcomes in a systematic way. Find the 
probability of obtaining: 

(a) two heads and two tails, 

(b) four tails, 

(c) at least one tail, 

(d) three heads and one tail. 


15. 


16. 


17. 


18. 


19, 


Louise buys five raffle tickets out of 1000 sold. She 
does not win first prize. What is the probability 
that she wins second prize? 


Tickets numbered 1 to 1000 were sold in a raffle 
for which there was one prize. Mr Kahn bought all 
the tickets containing at least one ‘3’ because ‘3’ 
was his lucky number. What was the probability of 
Mr Kahn winning? 


One ball is selected at random from a bag 

containing 12 balls of which x are white. 

(a) What is the probability of selecting a white 
ball? 
When a further 6 white balls are added the 
probability of selecting a white ball is 
doubled. 

(b) Find x. 


Two dice and two coins are thrown at the same 
time. Find the probability of obtaining: 

(a) two heads and a total of 12 on the dice, 
(b) a head, a tail and a total of 9 on the dice, 
(c) two tails and a total of 3 on the dice. 

What is the most likely outcome? 


A red, a blue and a white die are all thrown at the 
same time. Display all the possible outcomes in a 
suitable way. Find the probability of obtaining: 
(a) a total of 18 on the three dice, 

(b) a total of 4 on the three dice, 

(c) a total of 10 on the three dice, 

(d) a total of 15 on the three dice, 

(e) a total of 7 on the three dice, 

(f) the same number on each die. 


10.5 EXCLUSIVE AND INDEPENDENT EVENTS 
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Two events are exclusive if they cannot occur а! 
the same time: 
e.g. Selecting an 'ace' or selecting a 'ten' from a 
pack of cards. 


The 'OR' rule: 
For exclusive events A and B 
p(A or B)= p(A) + p(B) 


Two events are independent if the occurrence of 
one event is unaffected by the occurrence of the 
other. 

e.g. Obtaining a ‘head’ on one coin, and a tail on 
another coin when the coins are tossed at the 
same time. 


The ‘AND’ rule: 

p(A and B) = p (A) .p (B) 
where p(A) = probability of A occurring etc. 
This is the multiplication law. 


Example 1 


One ball is selected at random from a bag 
containing 5 red balls, 2 yellow balls and 4 white 
balls. Find the probability of selecting a red ball 
or a white ball. 

The two events are exclusive. 

p (red ball or white ball) = p (red) + p(white) 
ath 
2 


1 


! 


Example 2 


A fair coin is tossed and a fair die is rolled. Find 
the probability of obtaining a ‘head’ and a ‘six’. 
The two events are independent 

p (head and six) = p (head) х p (six) 


1 1 
256 


nl- 
* 


Exercise 5 


1. A card is drawn from a pack of playing cards and 


a die is thrown. Events А and B are as follows: 
A : ‘a Jack is drawn from the pack’ 

B : ‘a three is thrown on the die’. 

(a) Write down the values of p(A), p(B). 

(b) Write down the value of p(A and B). 


. А coin is tossed and a die is thrown. Write down 


the probability of obtaining 

(a) a ‘head’ on the coin, 

(b) an odd number on the die, 

(c) a ‘head’ on the coin and an odd number оп 
the die. 


. A card is drawn from a pack of playing cards. 


Events X and Y are as follows: 
X :'a King is drawn’ 

У: ‘а Queen is drawn’. 

Write down the values of 


(a) p(X) (b) p(Y) (c) p(X or Y). 


. In an experiment, a card is drawn from a pack of 


playing cards and a die is thrown. 

Find the probability of obtaining: 

(a) A card which is an ace and a six on the die, 

(b) the king of clubs and an even number on the 
die, 

(c) a heart and a ‘one’ on the die. 


. À card is taken at random from a pack of playing 


cards and replaced. After shuffling, a second card 

is selected. Find the probability of obtaining: 

(a) two cards which are clubs, 

(b) two Kings, 

(c) two picture cards, 

(d) a heart and a club in any order, 

(e) the ace of diamonds and the ace of spades in 
any order. 


‚ А ball is selected at random from a bag containing 


3 red balls, 4 black balls and 5 green balls. The 
first ball is replaced and a second is selected. Find 
the probability of obtaining: 

(a) two red balls, 

(b) two green balls. 


. The letters of the word INDEPENDENT' are 


written on individual cards and the cards are put 
into a box. A card is selected and then replaced 
and then a second card is selected. Find the 
probability of obtaining: 

(a) the letter ‘P’ twice, 

(b) the letter ‘E’ twice. 
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8. Three coins are tossed and two dice are thrown а! 
the same time. Find the probability of obtaining: 
(a) three heads and a total of 12 on the dice, 

(b) three tails and a total of 9 on the dice. 

9, When a golfer plays any hole, he will take 3, 4, 5, 
6, or 7 strokes with probabilities of 5, $, =. ¢and 3, 
respectively. He never takes more than 7 strokes. 
Find the probability of the following events: 

(a) scoring 4 on each of the first three holes, 

(b) scoring 3, 4 and 5 (in that order) on the first 
three holes, 

(с) scoring a total of 28 for the first four holes, 

(d) scoring a total of 10 for the first three holes, 

(e) scoring a total of 20 for the first three holes. 

10. If a hedgehog crosses a certain road before 
7.00 a.m., the probability of being run over is 11. 
After 7.00 a.m., the corresponding probability is 
3. The probability of the hedgehog waking up 
early enough to cross before 7.00 a.m., 155. 


10.6 TREE DIAGRAMS 


What is the probability of the following events: 

(a) the hedgehog waking up too late to reach the 
road before 7.00 a.m., 

(b) the hedgehog waking up early and crossing 
the road in safety, 

(c) the hedgehog waking up late and crossing the 
road in safety, 

(d) the hedgehog waking up early and being run 
Over, 

(e) the hedgehog crossing the road in safety. 

11. А coin is biased so that it shows ‘Heads’ with a 
probability of $. The same coin is tossed three 
times. Find the probability of obtaining. 

(a) two tails on the first two tosses, 
(b) a head, a tail and a head (in that order), 
(c) two heads and one tail (in апу order). 





Example 1 


A bag contains 5 red balls and 3 green balls. 
А ball is drawn at random and then replaced. 
Another ball is drawn. 


What is the probability that both balls are green? 





| 


Second draw 


The branch marked" involves the selection of a 
green ball twice. 

The probability of this event is obtained by 
simply multiplying the fractions on the two 
branches. 


p(two green бБай5)-1Х141-4 


Example 2 


A bag contains 5 red balls and 3 green balls. 

A ball is selected at random and not replaced. A 
second ball is then selected. Find the probability 
of selecting 

(a) two green balls 

(b) one red ball and one green ball. 


4 
2 p (red, red) == X 3 


Hw 


p (red, green) = 3 Х 


р (green, red) = 3 xŠ 





| (Breen) ~ 2” P(green, green) = 5х2 
Second draw ? 


(b) p (one red, one green) = (ёх 5) + (x $) 


15 
28. 


10.6 Tree diagrams 


Exercise 6 


1. A bag contains 10 discs; 7 are black and 3 white. 
А disc is selected, and then replaced. А second 
disc is selected. Copy and complete the tree 
diagram showing all the probabilities and 
outcomes. 


Find the probability of the following: 
(a) both discs are black, 
(b) both discs are white. 
2. A bag contains 5 red balls and 3 green balls. 
A ball is drawn and then replaced before a ball is 
drawn again. Draw a tree diagram to show all the 
possible outcomes. Find the probability that 
(a) two green balls are drawn, 
(b) the first ball is red and the second is green. 
3. A bag contains 7 green discs and 3 blue discs. А 
disc is drawn and по! replaced. 
A second disc is drawn. Copy and complete the 
tree diagram. 


6 
9 G 
5 а 
B 
G 
3 Qu 
10 lc 
B 


Find the probability that 
(a) both discs are green, 
(b) both discs are blue. 


4. A bag contains 5 red balls, 3 blue balls and 
2 yellow balls. A ball is drawn and not 
replaced. А second ball is drawn. Find the 
probability of drawing: 

(a) two red balls, 

(b) one blue ball and one yellow ball, 
(c) two yellow balls, 

(d) two balls of the same colour. 


10. 


11. 
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. А bag contains 4 red balls, 2 green balls and 


3 blue balls. А ball is drawn and not replaced. 
A second ball is drawn. Find the probability of 
drawing: 

(a) two blue balls, 

(b) two red balls, 

(c) one red ball and one blue ball, 

(d) one green ball and one red ball. 


. А six-sided die is thrown three times. Draw a tree 


diagram, showing at each branch the two events: 
‘six’ and ‘not six’, What is the probability of 
throwing a total of: 

(a) three sixes, 

(b) no sixes, 

(c) one six, 

(d) at least one six (use part (b)). 


. Acard is drawn at random from a pack of 52 


playing cards, The card is replaced and a second 
card is drawn. This card is replaced and a third 
card is drawn. What is the probability of drawing: 
(a) three hearts? 

(b) at least two hearts? 

(c) exactly one heart? 


. A bag contains 6 red marbles and 4 blue marbles. 


A marble is drawn at random and not replaced. 
Two further draws are made, again without 
replacement. Find the probability of drawing: 
(a) three red marbles, 

(Ь) three blue marbles, 

(c) no red marbles, 

(d) at least one red marble. 


. When a cutting is taken from a geranium the 


probability that it grows is 3. Three cuttings are 
taken. What is the probability that 

(a) all three grow, 

(b) none of them grow? 


A die has its six faces marked 0, 1, 1, 1, 6, 6. Two 

of these dice are thrown together and the total 

score is recorded. Draw a tree diagram. 

(a) How many different totals are possible? 

(b) What is the probability of obtaining a total of 
77 

A coin is biased so that the probability of a ‘head’ 

is 1. Find the probability that, when tossed three 

times, it shows: 

(a) three tails, 

(b) two heads and one tail, 

(c) one head and two tails, 

(d) no tails. 

Write down the sum of the probabilities in (a), 

(b), (c) and (d). 
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12 


13. 


14. 


15. 


16. 


17. 


Part 10 Statistics and probability 


А teacher decides to award exam grades A, В ог 
C by a new fairer method. Out of 20 children, 
three are to receive A'S, five B's and the rest C's. 
She writes the letters A, B and C on 20 pieces of 
paper and invites the pupils to draw their exam 
result, going through the class in alphabetical 
order. Find the probability that: 

(a) the first three pupils all get grade ‘A’. 

(b) the first three pupils all get grade 'B', 

(c) the first three pupils all get different grades, 
(d) the first four pupils all get grade B. 

(Do not cancel down the fractions.) 


The probability that an amateur golfer actually 
hits the ball is (regrettably for all concerned) only 
5. If four separate attempts are made, find the 
probability that the ball will be hit: 

(a) four.times, 

(b) at least twice, 

(c) not at all. 


A box contains x milk chocolates and y plain 
chocolates. Two chocolates are selected at 
random. Find, in terms of x and y, the probability 
of choosing: 

(a) a milk chocolate on the first choice, 

(b) two milk chocolates, 

(c) one of each sort, 

(d) two plain chocolates. 


A pack of z cards contains x ‘winning cards’. Two 
cards are selected at random. Find, in terms of x 
and z, the probability of choosing: 

(a) a ‘winning’ card on the first choice, 

(b) two ‘winning cards’ in the two selections, 

(c) exactly one ‘winning’ card in the pair. 

Bag A contains 3 red balls and 3 blue balls. 

Bag B contains 1 red ball and 3 blue balls. 





A ball is taken at random from bag A and placed 
in bag B. A ball is then chosen from bag B. What 
is the probability that the ball taken from B is red? 


On a Monday or a Thursday, Mr Gibson paints a 
‘masterpiece’ with a probability of 1. On any other 
day, the probability of producing a ‘masterpiece’ is 
16. In common with other great painters, Gibson 
never knows what day it is. Find the probability 
that on one day chosen at random, he will in fact 
paint a masterpiece. 


18. 


19, 


21. 


22. 


Two dice, each with four faces marked 1, 2, 3 and 

4, are thrown together. 

(a) What is the most likely total score on the 
faces pointing downwards? 

(b) What is the probability of obtaining this score 
on three successive throws of the two dice? 

In the Venn diagram, 2 = {pupils in a class of 

15}, G = (girls), S = {swimmers}, Е = {pupils who 

believe in Father Christmas}. 





A pupil is chosen at random. Find the probability 

that the pupil: 

(a) can swim, 

(b) is a girl swimmer, 

(c) is a boy swimmer who believes in Father 
Christmas. 

Two pupils are chosen at random. Find the 

probability that: 

(d) both are boys, 

(e) neither can swim, 

(f) both are girl swimmers who believe in Father 
Christmas. 


. A bag contains 3 red, 4 white and 5 green balls. 


Three balls are selected without replacement. Find 
the probability that the three balls chosen are: 
(a) all red, 

(b) all green, 

(c) one of each colour. 

If the selection of the three balls was carried out 
1100 times, how often would you expect to 
choose: 

(d) three red balls? 

(e) one of each colour? 

There are 1000 components in a box of which 10 
are known to be defective. Two components are 
selected at random. What is the probability that: 
(a) both are defective, 

(b) neither are defective, 

(c) just one is defective? 

(Do not simplify your answers) 

There are 10 boys and 15 girls in a class. Two 
children are chosen at random. What is the 
probability that: 

(a) both are boys, 

(b) both are girls, 

(d) one is a boy and one is a girl? 


Revision exercise 10A 


23. There are 500 ball bearings in a box of which 100 
are known to be undersize. Three ball bearings 
are selected at random. What is the probability 
that: 

(a) all three are undersize, 

(b) none are undersize? 

Give your answers as decimals correct to three 
significant figures. 


REVISION EXERCISE 10A 


1. A pie chart is drawn with sectors to represent the 
following percentages: 


20%, 45%, 30%, 5%. 


What is the angle of the sector which represents 
4590? 

2. The pie chart shows Ше 
numbers of votes for 
candidates A, B and C in 
an election. 

What percentage of the 
votes were cast in favour 
of candidate C? 

3. A pie chart is drawn showing the expenditure of a 

football club as follows: 





Wages £41,000 
Travel £9,000 
Rates £6,000 
Miscellaneous £4,000 


What is the angle of the sector showing the 
expenditure on travel? 
4. The mean of four numbers is 21. 
(a) Calculate the sum of the four numbers, 
Six other numbers have a mean of 18. 
(b) Calculate the mean of the ten numbers. 
5. Find 
(a) the mean, 
(b) the median, 
(c) the mode, 
of the numbers 3, 1, 5,4, 3, 8, 2, 3, 4, 1. 


6. МагК5 ------ 
Number of pupils 2 3 6 4 3 2 
The table shows the number of pupils in a class 
who scored marks 3 to 8 in a test. Find 
(a) the mean mark, 


(b) the modal mark, 
(c) the median mark. 


24. 


10. 


li. 


12. 


13. 


l4. 


219 


There are 9 boys and 15 girls in a class. Three 
children are chosen at random. What is the 
probability that: 

(a) all three are boys, 

(b) all three are girls, 

(c) one is a boy and two are girls? 

Give your answers as fractions. 


. The mean height of 10 boys is 1-60 m and the 


mean height of 15 girls is 1:52 m. Find the mean 
height of the 25 boys and girls. 


. Mark 9 4 5 
Number of pupils 13 х 4 


The table shows the number of pupils who scored 
marks 3, 4 or 5 in a test. Given that the mean 
mark is 4-1, find x. 


. When two dice are thrown simultaneously, what is 


the probability of obtaining the same number on 

both dice? 

A bag contains 20 discs of equal size of which 12 

are red, x are blue and the rest are white. 

(а) If the probability of selecting a blue disc is $, 
find x. 

(b) A disc is drawn and then replaced. A second 
disc is drawn. Find the probability that neither 
disc is red. 

Three dice are thrown. What is the probability 

that none of them shows a 1 or a 6? 

A coin is tossed four times. What is the 

probability of obtaining at least three ‘heads’? 

A bag contains 8 balls of which 2 are red and 6 are 

white. A ball is selected and not replaced. A 

second ball is selected. Find the probability of 

obtaining: 

(a) two red balls, 

(b) two white balls, 

(d) one ball of each colour. 

A bag contains x green discs and 5 blue discs. 

A disc is selected and replaced. A second disc is 

drawn. Find, in terms of x, the probability of 

selecting: 

(a) a green disc on the first draw, 

(b) a green disc on the first and second draws. 

Find the corresponding probabilities when the first 

disc is not replaced. 
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15. In a group of 20 people, 5 cannot swim. If two 


people are selected at random, what is the 
probability that neither of them can swim? 


16. (a) What is the probability of winning the toss in 


17. 


five consecutive hockey matches? 

(b) What is the probability of winning the toss in 
all the matches in the FA cup from the first 
round to the final (i.e. 8 matches)? 

Mr and Mrs Stringer have three children. What is 

the probability that: 

(a) all the children are boys, 

(b) there are more girls than boys? 

(Assume that a boy is as likely as a girl.) 


EXAMINATION EXERCISE 10B 


18. The probability that it will be wet today is z. If it 


is dry today, the probability that it will be wet 
tomorrow is 5. What is the probability that both 
today and tomorrow will be dry? 


19. Two dice are thrown. What is the probability that 


the product of the numbers on top is 
(a) 12, (b) 4, (c) 11? 


20. The probability of snow on Christmas day is 3. 


What is the probability that snow will fall on the 
next three Christmas days? 





Number of pupils 










S 
Аа 
иа 
SESS 

КР, LES 


Metas 
SM E 
ESSA 











LA к 
es 


23 
ЗУУ, 





2 3 4 5 


= Ёё = 
Number of pets 


1. Each of the 30 pupils in a class were asked how many pets they had. The results 
are illustrated in the diagram. 


(a) Find the number of pupils who had two or more pets. 
(b) Find the total number of pets that the 30 pupils had. 
(c) Calculate the mean number of pets. [M] 


2. Sarah takes home £120 per week in her pay-packet. She divides her money up as 


follows: 


Rent £25 
Food £35 


Car Expenses 
Entertainment £5 


£20 Clothes £15 
Save what is left. 


(a) How much does she save each week? 

(b) Draw a pie-chart to show how she distributes her £120. 

In December she receives a £50 bonus with her pay. She treats herself to a few 
luxuries and spends all she has left on Christmas presents. 

The bar chart below shows her spending except presents. 


50 
40 
30 
20 
10 


Expenditure (£) 


Rent 


Car Ent. Clothes 


(c) How much did she spend on presents? 


In January she is to receive a 1076 increase in her pay. At the same time she 
increases all her spending by 1096. 


(d) What angle will savings be on a pie-chart showing how she uses her money? 


[S] 
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3. A student asked 30 people arriving at a football ground how long, to the nearest 
minute, it had taken them to reach the ground. The times they gave (in minutes) 
are listed below. 


35 41 22 15 31 19 12 12 23 30 


30 38 36 24 14 20 20 16 15 22 
34 28 25 13 19 9 27 17 21 25 





(a) (i) Copy and complete the following frequency table. 
Time taken 
in minutes 


8-12 | 13-17 | 18-22 | 23-27 | 28-32 | 33-37| 38-42 
(to nearest minute) 


ие | 1 


(ii) Draw a histogram to represent the information in the frequency table. 
(b) Of the 30 people questioned, 
6 paid £2 each to see the football match, 
8 paid £3 each, 
4 paid £4 each, 
10 paid £5 each and 
2 paid £6 each. 
(1) Calculate the total amount paid by these 30 people. 
(ii) Calculate the mean amount paid by these 30 people. [M] 









4. (The whole of this question should be answered on graph paper.) 
Potatoes are supplied to a greengrocer's shop in 50 kg bags. Each of the potatoes 
in one of these bags was weighed to the nearest gram, and the following table 
drawn up. 






Mass (g) 50-99 100-149 1 150-199 | 200-249 | 250-299 | 300—349 


Number of 
potatoes 5 53 87 73 33 3 


(а) (i) Complete Ше sequence 5, 58, ... of cumulative frequencies for these 
classes. 
(1) Using scales of 2 cm to 50 g and 2 cm to 50 potatoes draw a cumulative 
frequency graph for the data. 
(b) From your graph estimate 
(1) the median mass, 
(ii) the number of potatoes weighing at least 225 g each. 
(c) For a party, Harry requires 50 baking potatoes, each weighing at least 
225 g. The greengrocer sells the potatoes by the kilogram without special 
selection. 
(i) Use your answer to (b)(ii) to estimate how many kilograms Harry will 
have to buy. 
(ii) Taking the mean mass of the 50 baking potatoes to be 260 g, estimate 
how many kilograms of potatoes he will have left over. [N] 
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5. [n an examination there were 5000 candidates and the marks they obtained are 


summarised in the table below. 

Mark 20 or | ЗО ог | 40 ог | 50 or | 60 or | 70 ог | 80 or | 100 or 
obtained less less less less less less less less 
500 1000 | 2000 | 3200 | 4000 | 4500 5000 


(a) Draw a cumulative frequency diagram to represent these results. (Use a 
scale of 2 cm to represent 20 marks on the x-axis and 2 cm to represent 500 
candidates on the cumulative frequency axis.) 

(b) Using the cumulative frequency diagram , or otherwise. find 

(i) the number of candidates who scored 82 marks or less. 
(ii) the median mark, 
(її) the interquartile range. 
(iv) the percentage of candidates who scored more than 70 marks. 
(v) the minimum mark required for a pass if 80% of the candidates passed 
the examination. [M] 











Number of 
candidates 





“оре of total spent 


Press 5] Posters 
Television 40 Radio 
Posters. | | — | „> O Cinema 
Cinema 

Radio 3 


Total 100 





In Britain money was spent on advertisements in 1983 in the press, TV, posters, 
etc. The incomplete table and pie-chart show the way this was divided between 
the media. 


(a) Calculate the angle of the sector representing television, and complete the 


pie-chart. 
(b) The angle of the sector representing posters is 18°. Calculate the percentage 
spent On posters, and hence complete the table. 18 


. (a) Mary is one of the children in a class of 30. 7 of the children are left-handed 


and 10 of them wear glasses. 
(i) Write down the probability of each of the following: 
Mary is left handed; 
Mary is right handed; 
Mary wears glasses; 
Mary does not wear glasses. 
(ii) Which one of the above events is the most likely? 
(iii) Which one of the above events is the least likely? 

(b) The local rugby club was allocated 10 stand tickets and 15 enclosure tickets 
for the Wales v England match. The tickets are placed in a bag and then 
drawn at random from the bag for distribution. 

Find the probability that 
(i) the first ticket drawn is an enclosure ticket, 
(ii) the second ticket drawn is a stand ticket given that the first ticket was 
an enclosure ticket, 
(iii) the two first tickets drawn are stand tickets. [W] 
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8. A bag contains five sweets. They all look the same. However, two have hard 
centres (H) and three have soft centres (S). Balbir chooses a sweet and eats it. 
Then Winston chooses a sweet and eats it. 

(a) Copy and complete the tree diagram showing 
clearly all probabilities and outcomes. 
(b H() (b) Find the probabilities of the outcome when 
(i) both choose soft sweets; 
(ii) one has a hard sweet and one has a soft sweet. 


(2) H [M] 
( ) $() 

() : ( ) H() 
() 50) 


9. [n a board game a counter is moved оп a rectangular grid according to Ше score 
on a die, as in the table below. 


Score Move 


1, Зог5 One place to right 
2 or 4 One place upwards 
6 One place to right 
then one place upwards 


The counter starts at O, the bottom left hand corner of the board. The diagram 
shows part of the board. 





(a) Write down the probability that after one throw the counter is at 
(1) A (ii) B (iii) С 
(b) Find the probability that after two throws the counter is at D. 
(c) Find the probability that after three throws the counter is at E. [N] 


10. In order to decide the order of play in a tennis competition, the names of the six 
competitors are drawn at random from a hat. The competitors are 2 boys — 
Alan and Imran — and 4 girls — Carol, Debbie, Aysha and Fiona. 

(a) Find the probability that the first name drawn is Alan. 
(b) Find the probability that the first name drawn is that of a boy. 
(c) Find the probability that the first two names drawn are both girls. [M] 


11. In a game to select a winner from three friends Arshad, Belinda and Connie, 
Arshad and Belinda both roll a normal die. If Arshad scores a number greater 
than 2 and Belinda throws an odd number, then Arshad is the winner. Otherwise 
Arshad is eliminated and Connie then rolls the die. If the die shows an odd 
number Connie is the winner, otherwise Belinda is the winner. 

(a) Calculate the probability that 
(i) Arshad will be the winner, 
(ii) Connie will roll the die, 
(iii) Connie will be the winner. 
(b) Is this a fair game? Give a reason for your answer. [L] 


11 Investigations, Practical 
problems, Puzzles 





William Shockley Every time you use a calculator you are 
making use of integrated circuits which were developed 
гот the first transistor. The transistor was invented by 
William Shockley, working with two scientists, in 1947. 
The three men shared the 1956 Nobel Prize for physics. 
The story of the invention is a good example of how 
mathematics can be used to solve practical problems. 

The first electronic computers did not make use of 
transistors or integrated circuits and they were so big that 
they occupied whole rooms themselves. A modern 
computer which can carry out just the same functions can 
be carried around in a brief case. 





INVESTIGATIONS 


There are a large number of possible starting points for investigations here so it 
may be possible to allow students to choose investigations which appeal to them. 
On other occasions the same investigation may be set to a whole class. 

Here are a few guidelines for pupils: 
(a) If the set problem is too complicated try an easier case; 


(b) Draw your own diagrams; 

(c) Make tables of your results and be systematic; 
(d) Look for patterns; 

(e) Is there a rule or formula to describe the results? 
(f) Can you predict further results? 


(g) Can you prove any rules which you may find? 
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1. Opposite corners 





Here the numbers are arranged in 10 columns. 





In the 2 X 2 square 


(27-7 
7х 18 = 126 | 1 81! 
8х 17 136 | = 18 | 
the difference between them is 10. ----- 
Г----- 
In the 3 3 square ETET Үй 
12х 34 - 408 | | 
14 x 32 = 448 | 22 23 24! 
the difference between them is 40. 3 32 33 34 | 


Investigate to see if you can find any rules or patterns connecting the size of 
square chosen and the difference. 

If you find a rule, use it to predict the difference for larger squares. 
Test your rule by looking at squares like 8 x 8 or 9 x 9. 


Can you generalise the rule? 

[What is the difference for a square of size n x п?) 
Can you prove the rule? 

Hint: 

Ina 3 x З square... 





What happens if the numbers are arranged in six columns or seven columns? 





1 2 3 4 5 6 l 2 
7 8 9 10 11 12 8 9 10 11 12 13 14 
13 14 15 16 17 18 l6 17 18 19 20 2l 
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2. Weighing scales 


3. Buying stamps 


In the diagram we are measuring the weight of the package x using two weights. 


/ Ын / \ 
L к 4 | 
\ / 


If Ше scales are balanced, x must be 2 kg. 


Show how you can measure all the weights from 1 kg to 10 kg using three 
weights: 1 kg, 3 kg, 6 kg. 

It is possible to measure all the weights from ] kg to 13 kg using a different set of 
three weights. What are the three weights? 

It is possible to measure all the weights from | kg to 40 kg using four weights. 
What are the weights? 





4. Frogs 


You have one |р, one др, one Бр and one |0р coin. 


You can buy stamps of any value you like, but you must give the exact money. 
How many different value stamps can you buy? 


Suppose you now have one 1р, one др, one 5р, one 10р, one 20р, one 50р and 
one £1 coin. 


How many different value stamps can you buy now? 


This is a game invented by a French mathematician called Lucas. 


Object: To swap the positions of the discs so that they end up the other way 
round (with a space in the middle). 





Rules: |. А disc can slide one square in either direction onto an empty square. 
2. А disc can hop over one adjacent disc of the other colour provided it 
can land on an empty square. 
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Example (a) Slide (&) one square to the right. 


(b) (B) hops over (Д) to the left. 


(c) Slide Æ one square to the right. 





We took 3 moves. 


1, Look at the diagram. What is the smallest number of moves needed for two 
discs of each colour? 





3. Try four discs of each colour. 
Now look at your results and try to find a formula which gives the least 
number of moves needed for any number of discs x. It may help if you count 
the number of hops and 'slides separately. 


4. Try the game with a different number of discs on each side. Say two reds and 
three blues. Play the game with different combinations and again try to find a 
formula giving the number of moves for x discs of one colour and y discs of 
another colour. 


5. Triples 





In this investigation a triple consists of three whole numbers in a definite order. 
For example, (4, 2, 1) is a triple and (1, 4, 2) is a different triple. 


The three numbers in a triple do not have to be different. For example, (2, 2, 3) 
is a triple but (2, 0, 1) is not a triple because 0 is not allowed. 


The sum of a triple is found by adding the three numbers together. So the sum of 
(4, 2, 1) is 7. 


Investigate how many different triples there are with a given sum. 
See what happens to the number of different triples as the sum is changed. 


If you find any pattern, try to explain why it occurs. 
How many different triples are there whose sum is 22? 
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6. Mystic rose 


Straight lines are drawn between each of the 12 points on the circle. Every point 
is joined to every other point. How many straight lines are there? 

Suppose we draw a mystic rose with 24 points on the circle. How many straight 
lines are there? 

How many straight lines would there be with n points on the circle? 


1. Knockout competition 


Eight teams reach the 'knockout stage of the World Cup. 

















England à 
W. Germany 1 | England 1 | 
France 0 Brazil l 
Brazil | Baa ag 
MES | I— Argentina 0 

y Morocco 2 
Scotland 2 

Morocco | 

Мотоссо 3 


How would you organise а knockout competition if there were 12 teams? Or 15? 


How many matches are played up to and including the final if there are 
(a) 8 teams, 

(b) 12 teams, 

(с) 15 teams, 

(d) 23 teams, 

(e) nteams? 


In a major tournament like Wimbledon, the better players are seeded from 

1 to 16. Can you organise a tournament for 32 players so that, if they win all their 
games, 

(a) seeds 1 and 2 can meet in the final, 

(b) seeds |, 2, 3 and 4 can meet in the semi-finals, 

(C) seeds 1, 2, 3, 4, 5, 6, 7, 8 can méet in the quarter-finals? 


8. Discs 


8. Discs 


9. Chess board 


WA, Wi: 
Zn 
МЕ 
Zu 





С 
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(a) You have five black discs and five white discs which are arranged in a line 
as shown. 


ФОФОФОФОФО 


We want to get all the black discs to Ше right-hand end and all the white 
discs to the left-hand end. 


20000444 0) @ 


The only move allowed is to interchange two neighbouring discs. 


QO ы (ОФ 


How many moves does it take? 
How many moves would it take if we had fifty black discs and fifty white 
discs arranged atternately? 


(b) Suppose the discs are arranged in pairs 


ФФООФФОО e 


How many moves would it take if we had fifty black discs and fifty white 
discs arranged like this? 


[Hint: In both cases work with a smaller number of discs until you can see a 
pattern]. 


(c) Now suppose you have three colours black, white and green arranged 
alternately. 


(8) (97 (6) (в) 09) (2 (88) 777 


You want to get ай the black discs to Ше right, Ше green discs to Ше left and 
the white discs in the middle. 
How many moves would it take if you have 30 discs of each colour? 





Start with a small board, just 4 X 4. 


How many squares are there? [It is not just 16!) 


How many squares are there on an 8 X 8 chess board? 


How many squares are there on an n x n chess board? 
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10. Area and perimeter 


This is about finding different shapes in which the area is numerically equal to 
the perimeter. 


This rectangle has an area 

of 10 square units and a 2 
perimeter of 14 units, so 

we will have to try another 

one. 3 


There are some suggestions below but you can investigate shapes of your own 
choice if you prefer. 


(a) Find rectangles with equal area and perimeter. After a while you can try 
adding on bits like this. 


Area - 18 
Perimeter = 18 





(b) Suppose one dimension of the rectangle is fixed. 


In this rectangle the length 
is 5 units. 


(c) Try right-angled triangles and equilateral triangles. 


(d) Try circles, semi-circles and so on. 


(e) How about three-dimensional shapes? Now we are looking for cuboids, 
spheres, cylinders in which the volume is numerically equal to the surface 
area. 


(f) Can you find any connection between the square with equal area and 
perimeter and the circle with equal area and perimeter. How about the 
equilateral triangle with equal area and perimeter? 
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11. Happy numbers (and more) 


(a) Take the number 23. 


Square the digits and add. 
2 3 
2:43:=1 3 
12+ 32=] 0 
12 +02 = | 


The sequence ends а! 1 and we call 23 а парру number. 
Investigate for other numbers. Here are a few suggestions: 70, 85, 49, 44, 14, 
15, 94. 

(b) Now change the rule. Instead of squaring the digits we will cube them. 


а | 
23 + 130 9 
0-9-1 2 9 
D-24921] 0 8 0 
2-0-8-00-5 1 3 
53+ 13+ 33 = 153 
And now we are stuck because 153 leads to 153 again. 
Investigate for numbers of your own choice. Do any numbers lead to 1? 


12. Prime numbers 


Write all the numbers from 1 to 104 in eight columns and draw a ring around the 
prime numbers 2, 3, 5 and 7. 


100 40 60 8 


9 10 11 12 13 14 15 16 





1 18 19 20 21 22 23 24 
25 


If we cross out all the multiples of 2, 3, 5 and 7, we will be left with all the prime 
numbers below 104. Can you see why this works? 


Draw four lines to eliminate the multiples of 2. 
Draw six lines to eliminate the multiples of 3. 
Draw two lines to eliminate the multiples of 7. 
Cross out all the numbers ending in 5. 


Put a ring around all the prime numbers less than 104. 
[Check there are 27 numbers]. 


Many prime numbers can be written as the sum of two squares. For example 

5 = 22 + 12, 13 = 3? + 22. Find all the prime numbers in your table which can be 
written as the sum of two squares. Draw a red ring around them in the table. 
What do you notice? 

Check any 'gaps you may have found. 


Extend the table up to 200 and see if the pattern continues. In this case you will 
need to eliminate the multiples of 11 and 13 as well. 
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13. Squares 


For this investigation you need either dotted paper or squared paper. 


The shaded square 
has an area 
of ] unit. 





Can you draw a square, with its corners on the dots, with an area of 2 units? 
Can you draw a square with an area of 3 units? 
Can you draw a square with an area of 4 units? 


Investigate for squares up to 100 units. 


For which numbers x can you draw a square of area x units? 


14. Painting cubes 





The large cube below consists of 27 unit cubes. 


All six faces of the large cube are painted green. 


How many unit cubes have 3 green faces? 
How many unit cubes have 2 green faces? 
How many unit cubes have | green face? 

How many unit cubes have 0 green faces? 


suppose the large cube is 20 x 20 x 20. 
Answer the four questions above. 


Answer the four questions for the cube which is nx nx n. 
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15. Final score 





The final score in a football match was 3-2. How many different scores were 
possible at half-time? 






вы AY Ic 


e —! 
EH HM à 


М. | 
па M MM каша пи Pun К it rv 


Investigate for other final scores where the difference between the teams is 
always one goal. [1-0, 5-4 etc]. Is there a pattern or rule which would tell you the 
number of possible half-time scores in a game which finished 58-57? 

Suppose the game ends in a draw. Find a rule which would tell you the number 
of possible half-time scores if the final score was 63-63. 


Investigate for other final scores [3-0, 5-1, 4-2 etc]. 


| 





ХОЛЫН 


16. Cutting paper 





The rectangle ABCD is cut in half to give two smaller rectangles. 


A в. 


D C 
Each of the smaller rectangles is mathematically similar to the large rectangle. 
Find a rectangle which has this property. 


What happens when the small rectangles are cut in half? Do they have the same 
property? 


Why is this a useful shape for paper used in business? 
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17. Matchstick shapes 


(a) Here we have a sequence of matchstick shapes 


/N AD A 


Си eee 
1 3 
Can you work out the number of matches in the 10th member of the 


sequence? Or the 20th member of the sequence? 
How about the nth member of the sequence? 


(b) Now try to answer the same questions for the patterns below. Or you may 
prefer to design patterns of your own. 


(1) 
И Х УМ FOS TS 


| | 
оч» чм 


1 


(il) —— НЕ 


(iii) 


N 

Ва 

2 
<> 

7 dd 
А 
CI» № 
Гу 
NI 

P d 


^| 


18. Maximum box 
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18. Maximum box 
(a) You have a square sheet of card 24 cm by 24 cm. 
You can make a box (without a lid) by cutting squares from the corners and 
folding up the sides. 
24 cm 
What size corners should you cut out so that the volume of the box is as large 
as possible? 
Try different sizes for the corners and record the results in a table: 
Length of the side of Dimensions of the | Volume of the 
the corner square (cm) | open box (cm) box (cm?) 


19. Digit sum 


га х 28 х | 484 


| DO — 





Now consider boxes made from different sized cards: 

15 cm x 15 cm and 20 cm by 20 cm. 

What size corners should you cut out this time so that the volume of the box 
is as large as possible? 

Is there a connection between the size of the corners cut out and the size of 
the square card? 


(b 


~ 


Investigate Ше situation when Ше card is not square. Take rectangular cards 
where the length is twice the width (20 x 10, 12 x 6, 18 x 9 etc.) 

Again, for the maximum volume 15 there a connection between the size of 
the corners cut out and the size of the original card? 


Take the number 134. 

Add the digits 1 + 3 + 4 = 8. 

The digit sum of 134 is 8. 

Take the number 238. 

2+3+8=13 [We continue if the sum is more than 9]. 
1+3=4 

The digit sum of 238 is 4. 
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Consider the multiples of 3; 
Number |3 6 9 12 15 18 21 24 27 30 33 36 
Па! пт! 3 6 9 3 6 9 3 6 9 3 6 9 


The digit sum is always 3, 6, or 9. 
These numbers can be shown on а circle. 





Investigate the pattern of the digit sums for multiples ОЁ 
(а) 2 (b) 5 (c) 6 (d) 7 (e) 8 
(f) 9 (g) 11 (h) 12 (i) 13. 


Is there any connection between numbers where Ше pattern of the digit sums is 
the same? 

Can you (without doing all the usual working) predict what the pattern would be 
for multiples of 43? Or 62? 


20. An expanding diagram 


Look at the series of diagrams below. 






NS 
“ 










S 


- 


77 
22 





Each time new squares are added all around Ше outside of the previous 
diagram. 


Draw the next few diagrams in the series and count the number of squares in 
each one. 


How many squares are there in diagram number 15 or in diagram number 50? 


What happens if we work in three dimensions? Instead of adding squares we 
add cubes all around the outside. How many cubes are there in the fifth member 
of the series or the fifteenth? 
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21. Fibonacci sequence 


Fibonacci was the nickname of the Italian mathematician Leonardo de Pisa (Ap. 
1170-1250). The sequence which bears his name has fascinated mathematicians 
for hundreds of years. You can if you like join the Fibonacci Association which 
was formed in 1963. 


Here is the start of the sequence 

1,1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, ... 

There are no prizes for working out the next term! 

The sequence has many interesting properties to investigate. 
Here are a few suggestions. 


(a) Add three terms. 
| + 1 +, 1-24 3 etc. 
Add four terms. 


(b) Add squares of terms 
12+ 12, 12 4 22 22-32... 
(c) Ratios 


1 
1=1, 


— 109 
с“ со 


=2,7=1-5,... 
(d) Infous (2358 
2x8=16,3x5=15 


(e) Inthrees 13 58 
3х 8 = 24, 52 = 25 


(Г) Insixes |11235 8 
square and add Ше first five numbers 
12+ 1? + 22 + 3? + 52 = 40 
5 x 8 = 40. 
Now try seven numbers from the sequence, or eight ... 


(g) Take a group of 10 consecutive terms. Compare the sum of the 10 terms with 
the seventh member of the group. 


22. Alphabetical order 





A teacher has four names on a piece of paper which are in no particular order 
(say Smith, Jones, Biggs, Eaton). He wants the names in alphabetical order. 


One way of doing this is to interchange each pair of names which are clearly out 


of order. 
So he could start like this; 5 J В Е 
the order becomes: 1 5 ВЕ 


He would then interchange 5 and B. 


Using this method, what is the largest number of interchanges he could possibly 
have to make? 


What if he had thirty names, or fifty? 
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23. Mr Gibson's job 





Mr Cibsons job is counting tiles of the black or white variety. When he is bored 
Mr Gibson counts the tiles by placing them in a pattern consisting of alternate 
black and white tiles. This one is five tiles across and altogether there are 13 
tiles in the pattern. 





He makes the pattern so that there are always black tiles all around the outside. 
Draw the pattern which is nine tiles across. You should find that there are 41 tiles 
in the pattern. 


How many tiles are there in the pattern which is 101 tiles across? 


24. Diagonals 


In a 4 X 7 rectangle the diagonal passes through 10 squares. 





Draw rectangles of your own choice and count the number of squares through 
which the diagonal passes. 


А rectangle is 640 x 250. How many squares will the diagonal pass through? 
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25. Biggest number 


А calculator has the following buttons: 
НЫЕ |= 


Also the only digits buttons which work are the 'l', 2 and ‘3’. 


(a) You can press any button, but only once. 
What is the biggest number you can get? 


(b) Now the Т, 2, 3 and 4 buttons are working. 
What is the biggest number you can get? 


(c) Investigate what happens as you increase the number of digits which you 
can use. 


26. What shape tin? 





We need a cylindrical tin which will contain a volume of 600 cm? of drink. 





What shape should we make the tin so that we use the minimum amount of 
metal? 

In other words, for a volume of 600 cm?, what is the smallest possible surface 
area? 


Hint: Make a table. 





What shape tin should we design to contain a volume of 1000 cm?? 
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21. Find the connection 


Work through the flow diagram several times, using a calculator. 






Take square root 


Write down result 


"What do you notice? 
Try different numbers for x (suggestions: 11, 5, 8, 27) 
What do you notice? 


Multiply by x 









What happens if you take the square root three times? 


Suppose in the flow diagram you change 
Multiply by x' to 'Divide by x'. What happens now? 


Suppose in the flow diagram you change 
‘Multiply by x' to ‘Multiply by x^'. What happens now? 


08. Spotted shapes 





For this investigation you need dotted paper. If you have not got any, you can 
make your own using a felt tip pen and squared paper. 


The rectangle in Diagram 1 has 
10 dots on the perimeter (p= 10) 
and 2 dots inside the shape (i = 2). 
The area of the shape is 

6 square units (А = 6) 


Diagram 1 


The triangle in Diagram 2 has 

9 dots on the perimeter (p = 9) 
and 4 dots inside the shape (і = 4). 
The area of the triangle 

is 73 square units (A = 73) Diagram 2 
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Draw more shapes of your own design 
and record the values for p, i and А 

in a table. Make some of your shapes 
more difficult like the one in Diagram 3. 





Diagram 3 
Can you find a formula connecting p, i and А? 


[Hint: 34, р?) 
Try out your formula with some more shapes to see if it always works. 


29. Stopping distances 












at 40 
Km/h 
fhinking Braki 

| raking  Overati 


distance stopping 
ӨӨ distanco 


8m 8m 16 m 


On a dry road, ә good car with 
good brakes and tyres and an 
aleri driver will stop in tho 
distances shown. 

Remember these are shortest 
stopping distences. Stopping 
distances increase greatly with 
wet slippery roads, poor brakes 









at 80 Km fh end tyres, and tired drivers. 
ae Breking distence Overall 
ie Gio Ge Glin Gite Gide Gite Gite Gite Gite бъ PNG 
16m 32m 48m 
Overall 
stopping 
8t 120 Km/h Sanca 
Thinking distanco Braking distance 
Gia Sa Ga 0905 ә «Әз On Ee dici Cae aee dian GBs Б», Cle ӘӘ ринит тор 
24m 72m 


This diagram from the Highway Code gives the overall stopping distances for 
cars travelling at various speeds. 


What is meant by 'thinking distance? 

Work out the thinking distance for a car travelling at a speed of 90 km/h. 
What is the formula which connects the speed of the car and the thinking 
distance? 


(More difficult) 

Try to find a formula which connects the speed of the car and the overall 
stopping distance. It may help if you draw a graph of speed (across the page) 
against braking distance (up the page). 

What curve are you reminded oí? 


Check that your formula gives the correct answer for the overall stopping 
distance at a speed of: 
(a) 40 km/h (b) 120 km/h. 
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30. Maximum cylinder 


À rectangular piece of paper has a fixed perimeter of 40 cm. It could for 
example be 7 cm x 13 cm. 


13 


This paper can make a hollow cylinder of height 7 cm or of height 13 cm. 


7 ст 13 cm 


Work out the volume of each cylinder. 


What dimensions should the paper have so that it can make a cylinder of the 
maximum possible volume? 


PRACTICAL PROBLEMS 
1. Timetabling 


(a) Every year a new timetable has to be written for the school. We will look at 
the problem of writing the timetable for one department (mathematics). The 
department allocates the teaching periods as follows: 


U6 2sets (at the same times); 8 periods in 4 doubles. 
16 2sets (at the same times); 8 periods in 4 doubles. 


Year 5 6sets (at the same times); 5 single periods. 
Year 4  6sets (а the same times); 5 single periods. 
Year 3  6sets (at the same times); 5 single periods. 
Year 2 6sets (а the same times); 5 single periods. 
Year 1 5пихед ability forms; 5 single periods not necessarily at the 


same times. 
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Here are Ше teachers and the maximum number of maths periods which 
they can teach. 

33 

33 

33 

20 


15 (Must be Years 5, 4, 3) 
10 (Must be Years 2, 1) 
10 (Must be Years 2, 1) 

5 (Must be Year 3) 


— di (071010 О 60 > 
po 
e 


Furthermore, to ensure some continuity of teaching, teachers B and C must 
teach the U6 and teachers А, B, C, D, Е, Е must teach year 5. 


Here is a timetable form which has been started 





Your task is to write a complete timetable for the mathematics department 
subject to the restrictions already stated. 


(b) И that was too easy, here are some changes. 


U6 and L6 have 4 sets each (still 8 periods) 
Two new teachers: | 20 periods maximum 
K 15 periods maximum but cannot teach on Mondays. 


Because of games lessons: А cannot teach Wednesday afternoon 
B cannot teach Tuesday afternoon 
C cannot teach Friday afternoon 
Also: A, B, C and E must teach U6 
А,В, С, D БЕ must teach year 5 
For the pupils, games afternoons are as follows: 
Monday year 2; Tuesday year 3; Wednesday 5 L6, 06, Thursday year 4; 
Friday year |. 
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2. Hiring a car 





You are going to hire a car for one week (7 days). 
Which of the firms below should you choose? 





Gibson car hire , | Snowdon rent-a-car | Hav-a-car 
£170 per week £10 per day £60 per week 
unlimited mileage | 6:5р per mile 500 miles without charge 


7 22р per mile over 500 miles. 
/ 


Work out as detailed an answer as possible. 


3j. Running a business 





Mr Singh runs a small business making two sorts of steam cleaner: the basic 
model B and the deluxe model D. 
Here are the details of the manufacturing costs: 


222201 [99 — 


Assembly time 20 hours 30 hours 


(in man-hours) 
Component costs £35 £25 
Selling price £195 £245 





He employs 10 people and pays them each £160 for a 40-hour week. He can 
spend up to £525 per week on components. 


(a) In one week the firm makes and sells six cleaners of each model. Does he 
make a profit? 
[Remember he has to pay his employees for a full week. | 


(b) What number of each model should he make so that he makes as much 
profit as possible? Assume he can sell all the machines which he makes. 


4. Income tax 


4. Income tax | 


245 


Here are the details about income tax in 1978 (Labour) and 





1983 (Conservative). 
Allowances: 
Married man 1,535 2,445 
Single person 985 1,565 
Rates of tax on 1-750 2596 1-12,800 30% 
taxable income 151-8,000 3396 12,801-15,100 4096 
8,001-9,000 40% 15,101-19,100 45% 
9,001-10,000 45% 19,101-25,300 50% 
10,001-11,000 50% 25,301-31,500 55% 


11,001-12,500 55% more than 31,500 60% 
12,501-14,000 60% 
14,001-16,000 65% 
16,001-18,500 70% 
18,501-24,000 75% 
more than 24,000 83% 


In 1978 the average income of an adult was £2,479. 
In 1983 the average income of an adult was £4,532. 


What difference did a change of Government make for a person earning the 
average income? 

How about someone earning ten times the average income? How about twenty 
times? 

What happened to someone earning only half the average income? 

Decide for yourself what would be a fair way of comparing the tax paid in the 
two years. 


This is of course a simplified model. We could extend the problem and consider 
other allowances such as the allowance for people buying their homes with a 
mortgage. This makes the problem far more complicated but if you are 
interested have a try. You can obtain much useful data from the reference 
section in your Public library. Look for the ‘Annual Abstract of Statistics’. 
(Н.М.5.О.) 
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5. How many of each? 


А shop owner has room in her shop for up to 20 televisions. She can buy either 
type À for £150 each or type B for £300 each. 


A cost £150 


B cost £300 


"T 


She has a total of £4500 she can spend and she must have at least 6 of each type 
in stock. She makes a profit of £80 on each television of type А and a profit of 


£100 on each of type B. 


How many of each type should she buy so that she makes the maximum profit? 


PUZZLES AND EXPERIMENTS 
1. Cross numbers 





(a) Copy out the cross number pattern. 


(b) Fit all the given numbers into the correct spaces. Tick off the numbers from 
the lists as you write them in the square. 
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801915 Sdigits 4digits 5 digits 


121 
147 
170 
114 
204 
241 
281 
324 
431 
480 
612 
618 
112 
114 
189 
870 


2104 
2396 
2456 
3114 
4111 
5548 
5678 
6231 
6789 
1630 
9012 
9921 


14700 
24567 
29921 
26199 
30388 
50968 
51789 
78967 
98438 


6 digits 
216841 
588369 
846789 
861277 
876452 


7 digits 
6645678 
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2. Estimating game 





This is a game for two players. On squared paper draw an answer grid with the 
numbers shown below. 


gogogo 
em [es |а: on 
em en n n ка 
se [os [on 
es pre a oe во 
eden forem ur. 


The players now take turns to choose two numbers from the question grid below 
and multiply them on a calculator. 


mein 
еи 
ЕЕ 


The game continues ш all the numbers in Ше answer grid have been crossed 
out. The object is to get four answers in a line (horizontally, vertically or 
diagonally). The winner is the player with most lines of four. 

А line of five counts as two lines of four. 

А line of six counts as three lines of four. 






Answer grid 
















Question grid 
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3. The chess board problem 





(а) On the 4 x 4 square below we have placed four objects subject to the 
restriction that nowhere are there two objects on the same row, column or 


diagonal. 





Subject to the same restrictions: 
(i) find a solution for a 5 x 5 square, using five objects, 
(ii) find a solution for a 6 x 6 square, using six objects, 
(iii) find a solution for a 7 x 7 square, using seven objects, 
(iv) find a solution for a 8 х 8 square, using eight objects. 


It is called the chess board problem because the objects could be Оцеепз 
which can move any number of squares in any direction. 


(b) Suppose we remove the restriction that no two Queens can be on the same 
row, column or diagonal. Is it possible to attack every square on ап 8 x 8 
chess board with less than eight Queens? 

Try the same problem with other pieces like knights or bishops. 


4. Creating numbers 





Using only the numbers |, 2, 3 and 4 once each and the operations +, —, X, +,! 
create every number from 1 to 100. 


You can use the numbers as powers and you must use all of the numbers 1, 2, 
3 and 4. 
[4! is pronounced ‘four factorial and means 4 x 3 X 2 X | (i.e. 24) 


similarly 3 =3х2х1=6 
м-56 х4 хзЗхах 1 = 120] 


Examples: 1= (4-3) + (д- 1) 
20 = 42 4-341 
68 = 34 хах! 
100 = (4! + 1)(3! — 2!) 


5. Репіотіпоеѕ 


5. Pentominoes 


249 


А pentomino is a set of five squares joined along their edges. Here are three of 
the twelve different pentomino designs. 


(a) Find the other nine pentomino designs to make up the complete set of 
twelve. Reflections or rotations of other pentominoes are not allowed. 


(b) On squared paper draw an 8 X 8 square. It is possible to fill up the 8 х 8 
square with the twelve different pentominoes together with a 2 х 2 square. 
Here we have made a possible start. 





There are in fact many different ways in which this can be done. 


(c) Now draw a 10 x 6 rectangle. 
Try to fill up the rectangle with as many different pentominoes as you can. 
This problem is more difficult than the previous one but it is possible to fill 
up the rectangle with the twelve different pentominoes. 


6. Calculator words 


. Here is another one: 


£ 
Оп a calculator work out 9508? + 1922 + 102+ 6. ; 29447039 


If you turn the calculator upside down and use a little imagination, you can see 
the word НЕОСЕНОС. 


Which letters of the alphabet can be used to write calculator words in this way? 
Write some words and then work out mathematical clues which can be used to 
find them. Try to make the clues complicated. 
21 x 2000 — 2 

0-63 + 0-09 | 
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1. Find your reaction time 





8. Probability pi 


Here is an experiment in which we are going to measure Derek's reaction time’. 
Jim holds а ruler.vertically between two fingers. Derek waits with his fingers 
over the zero mark on the ruler but not touching the ruler. Jim releases the ruler 
without warning and when he does Derek catches it as quickly as he can. 


Jim 


Derek Derek 
d 


Do this experiment and record the distance d through which the ruler has fallen. 
Repeat the experiment many times to obtain a mean value for d. We can now 


calculate the reaction time from the formula t — “а, where d is measured 


in centimetres. 


For this experiment you need a thin stick such as a cocktail stick or a needle and 
a large piece of paper. 
On the paper draw a series of parallel lines distance d apart. 


Now drop the stick at random anywhere on the paper оп its end so it ‘bounces’. 
Count the number of times you drop it and the number of times it falls across one 


of your lines 
N 
d 


If you drop the stick n times and it crosses a line s times, you can find a value for 


тг from the equation - = и where 6 is the length of Ше stick you drop. 


12 Mental arithmetic and 
Revision tests 





MENTAL ARITHMETIC 


In each test the questions are read out by the teacher while all the pupils’ 
books are open at pages 264 and 265. 

Each question is repeated once and then the answer is written down. 
The tests appear in the book so that pupils can check afterwards to see 
where they made mistakes. 


Test 1 


pes 


pasi |ы 
-— SO се N ФА Un 4 w t2 


вээ 
~ 


накі нэ 
RU 


bud 
сл 


16. 
17. 


18. 


. I bought an article costing 63p and paid with a one pound coin. Му 


change consisted of four coins. What were they? 


. I bought two books costing £2-50 and £1-90. How much did I spend 


altogether? 


. What is the cost of six items at thirty-five pence each? 
. Tickets for a concert cost £6-50 each. What is the cost of four tickets? 
. It takes me 24 minutes to walk to school. I cycle three times as fast as 


I walk. How long do I take to cycle to school? 


. Work out as a single number, four squared plus three squared. 
. Write down an approximate value for forty-nine times eleven. 
. Write one metre as a fraction of one kilometre. 


What number is exactly half-way between 2-5 and 2-8? 


. The First World War started in 1914. How long ago was that? 
. Lottery tickets cost Е2:50 each. How much is raised from the sale of six 


thousand tickets? 


. Train fares are increased by ten per cent. If the old fare was #3:50, what 


is the new fare? 


. If a man earns #5:50 per hour, how much does he earn in five hours? 
. A beer crate holds twelve bottles. How many crates are needed for 


90 bottles? 


. When playing darts you score double ten, double twenty and treble 


eight. What is your total score? 

How many inches are there in three yards? 

A petrol pump delivered 25 litres in 5 seconds. How many litres will it 
deliver in one minute? 

A square has sides of length 5 cm. How long is a diagonal to the nearest 
centimetre? 


For questions 19 to 25 look at pages 264 and 265. 


19. 


20. 
21. 


22. 


(Fig. C). Mr Wren posts two 2nd class letters, each weighing 625 g. 
What is the total cost? 

(Fig. B). How many minutes does the ‘Paul Daniels Magic Show’ last? 
(Fig. D). Mrs Eaton buys three 6 X 4 pine fence panels. What is the 
total cost? 

(Fig. G). Mr Wheeler takes his car, which is 3-60 m long, on the ferry 
from Dover to Calais on tariff C. How much does it cost for the car? 
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23. е Е). A train arrives at Moor Park at 2023. When did it leave Baker 
treet? 

24. (Fig. J). Estimate the size of angle BDC. 

25. (Fig. E). What is the capacity of the fuel tank of a Fiat Regata? 


Test 2 


. How much more than 119 is 272? 

. What is the cube root of 64? 

. Find the average of 4, 8 and 9. 

. А rectangular lawn is 7 yards wide and 15 yards long. What area does it 

cover? 

. How many centimetres are there in 20 km? 

. A ship was due at noon on Tuesday, but arrived at 1500 on Thursday. 

How many hours late was it? 

A litre of wine fills 9 glasses. How many litre bottles are needed to fill 50 

glasses? 

. Work out 15% of £40. 

. А cake weighs two pounds. How many ounces is that? 

10. How many seconds are there in 23 minutes? 

11. How many days are there altogether in 19 weeks? 

12. If the eighth of May is a Monday, what day of the week is the 
seventeenth? 

13. I buy three pounds of oranges for 21:02. How much do they cost рег 
pound? 

14. A rectangular pane of glass is 3 feet long and 2 feet wide. Glass costs 
£1.50 per square foot. How much will the pane cost? 

15. A car journey of 150 miles took 25 hours. What was the average speed? 

16. Add 218 to 84. 

17. Pencils cost 5 pence each. How many can I buy with £2-50? 

18. Write down the next prime number after 31. 


e 


мэ © ~J A м & Сә КӘ ны 


For questions 19 to 25 look at pages 264 and 265. 


19. (Fig. A). What is my monthly payment if I borrow £2500 over 60 
months? 

20. (Fig. F). How many minutes does it take the 20 10 train from 
Marylebone to reach Chesham? 

21. (Fig. H). What share of the market did Gas have in 1983? 

22. (Fig. D. How much will I pay for 7 nights in Elma starting on the 6th of 
June? 

23. (Fig. J). A ship sails from A to B. On approximately what bearing is it 
sailing? 

24. (Fig. D). Mavis buys one Larch 6 х 6 fence panel and one 8 foot post. 
What is the total cost? 

25. (Fig. A). Steven repays a loan of £5500 over 10 years. How much does 
he pay each month? 


Test 3 
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Test 3 


рый p= 
ма осоо NAAN AWN = 


* 


рой jh ний jmd 
чт 4 UC t 


pi = 
м ON 


18. 


. What is the angle between the hands of a clock at two o'clock? 
. What is a half of a half of 0-2? 

. In a test Paul got 16 out of 20. What percentage is that? 

. Work out 2 x 20 x 200. 


Two friends share a bill for £33:80. How much does each person pay? 
Work out 1 plus $ and give the answer as a decimal. 


. How long will it take a car to travel 320 miles at an average speed of 


60 m.p.h.? 


. What 154 as a percentage? 

. What is the height of a triangle with base 12 cm and area 36 cm?? 

. Work out 0-1 cubed. 

. Between which two consecutive whole numbers does the square root of 


58 lie? 


. What is eight per cent of £25? 
. A car has a 1795 c.c. engine. What is that approximately in litres? 


The mean of four numbers is 12:3. What is their sum? 


. Find the cost of smoking 40 cigarettes a day for five days if a packet of 


20 costs £1-25. 


. How many minutes are there in 2? hours? 
. А pie chart has a red sector representing 2090 of the whole chart. What 


is the angle of the sector? 
How many five pence coins are needed to make £12? 


For questions 19 to 25 look at pages 264 and 265. 


19. 
20. 


21. 
22. 


25. 


(Fig. E). What is the top speed of a Toyota Camry? 

(Fig. B). A man video tapes ‘Perfect Strangers’, “Яп! Fix it’ and 
'Hi-de-hi'. How long will it last on his tape? 

(Fig. A). Mrs White is paying £62-67 each month. How much has she 
borrowed? 

(Fig. F). I arrive at Finchley Road station at half-past seven and take 
the next train. When will I arrive at Amersham? 


· (Fig. I). How much will I pay for 14 nights in Mimosa starting on the 


24th of April? 


. (Fig. H). What share of the market did Coal and Electricity have 


together in 1979? 

(Fig. G). The Jameson family consists of 2 adults and 3 children. Their 
car is 3-6 m long. How much will it cost to travel from Folkestone to 
Boulogne on tariff B? 
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Test 4 


l. 
2. 


• 


о 90 ~ е Ut & о 


11. 
12. 
13. 
14. 


15. 
16. 


17. 


18. 


Two angles of a triangle are 42° and 56°. What is the third angle? 
Telephone charges are increased by 2096. What is the new charge for a 
call which previously cost 60p? 

What number is exactly half way between 0-1 and 0-4? 


. А boat sails at a speed of 18 knots for five hours. How far does it go? 


How many 23p stamps can be bought for £2? 


. The mean age of three girls is 12 years. If two of the girls are aged 9 and 


16 years, how old is the third girl? 


‚ Multiply 34 by 100. 
. What is a quarter of a third? 
. A prize of five million pounds is shared between 200 people. How much 


does each person receive? 


. The attendance at an athletics meeting was forty-eight thousand, seven 


hundred and eleven. Write this number correct to two significant 
figures. 

Work out 0-1 multiplied by 63. 

Find the cost of 6 litres of wine at #1-45 per litre. 

Three people agree to share a bill equally. The cost comes to £7-20. 
How much does each person pay? 

А pump removes water at a rate of 6 gallons per minute. How many 
hours will it take to remove 1800 gallons? 

Work out three-eighths of £100. 

A metal rod of length 27-1 cm is cut exactly in half. How long is each 
piece? 

A square has sides of length 7 cm. How long is a diagonal to the nearest 
centimetre? 

The cost of five tins of salmon is £7-50. How much will six tins cost? 


For questions 19 to 25 look at pages 264 and 265. 


19. 


20. 
21. 
22. 
23. 
24. 
25. 


(Fig. D). Mr Jones needs twenty 6 x 4 fence panels. How much more 
will it cost if he buys Larch rather than Pine? 

(Fig. E). How much change from £10000 would I get if I bought a 
Toyota Camry? 

(Fig. B). Steve has 2 hours left on a video tape. How much will be left 
after he tapes the film? 

(Fig. C). Mrs James sends three 1st class letters weighing 20 g, 35 g and 
80 g. Find the total cost. 

(Fig. J). A ship sails from A to C. On approximately what bearing is it 
sailing? 

(Fig. ». Two adults stay at Buganvilia for 14 nights starting on the 16th 
of May. What is the total cost? 

(Fig. H). If the 1978 figures were displayed on a pie chart, 
approximately what angle would represent ‘Gas’? 


Test 5 
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Test 5 


l. 


11. 
12. 


13. 
14. 


15. 
16. 


17. 


18. 


What number is a thousand times as big as 0-2? 
Pencils cost five pence each. How much will two dozen pencils cost? 


. How many fours are there in a thousand? 
. Work out the area, in square metres, of a rectangular field of width 


twenty metres and length twenty-five metres. 


. A packet of peanuts costs 65 pence. I buy two packets and pay with a 


ten pound note. Find the change. 


. What is a half of a half of 0-1? 
. I bought three kilograms of flour and I use four hundred and fifty grams 


of it. How many grams of flour do I have left? 


. А bingo prize of two hundred thousand pounds is shared equally 


between five people. How much does each person receive? 


. What is the angle between the hands of a clock at 5 o'clock? 
. Five boys and three girls share £240. How much do the boys get 


altogether? 

How many 17p stamps can I buy for £2? 

A milk crate has space for 24 bottles. How many crates are needed for 
200 bottles? 

A ruler costs 37 pence. What is the total cost of three rulers? 

A salesman receives commission of 1396 on sales. How much 
commission does he receive when he sells a computer for £1000? 

How many edges does a cube have? 

Between which two consecutive whole numbers does the square root of 
80 lie? 

А coat is marked at a sale price of £60 after a reduction of 2590. What 
was the original price? 

Theatre tickets cost £3-45 each. How much will four tickets cost? 


For questions 19 to 25 look at pages 264 and 265. 


19. 
20. 
21. 
22. 
23. 
24. 


25. 


(Fig. E). How long does it take а Mazda 626 to cover 1 mile? 

(Fig. B). For how many hours and minutes is 'Grandstand' on the air? 
(Fig. A). I want to borrow £1000 and I can repay over either 60 months 
or 90 months. What is the difference in the monthly payments? 

(Fig. D). Mr Reynolds bought ten 6 foot posts and caps. How much will 
it cost him? 

(Fig. C). Brian posts two 1st class letters weighing 420 g and 650 g. Find 
the total cost. 

(Fig. G). John pays for himself and his 4-2 m car to travel from Dover 
to Calais on Tariff C. How much does it cost him? 

(Fig. F). How many minutes does it take the 1922 train from Harrow- 
on-the-Hill to reach Aylesbury? 
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Test 6 


10. 
1. 
12. 
13. 
14. 


15. 


16. 
17. 


18. 


What four coins make seventy-six pence? 


. How many minutes are there between 7.44 p.m. and 9.10 p.m.? 
. How many 15 pence rulers can be bought for one pound? 


A spark plug for a car costs £1:25. How much does a set of six plugs 
cost? 


. А pile of 15 boxes is 3 metres high. What is the depth of each box? 
. What is the smallest number which must be added to 77 to make it 


exactly divisible by 9? 


. How many 2p coins are worth the same as forty 5p coins? 
. Find the difference between 111 and 19. 
. The profit on one drink is 4 pence. How many must be sold to make a 


profit of £2? 

By how much is three kilometres longer than three metres? 

A gallon of a valuable liquid costs £200. How much does one pint cost? 
Work out 2X 3x 4 X 5, 

How many prime numbers are there between 30 and 40? 

I pay £3 for four rolls and one cake. How much is each roll if the cake 
costs 60p? 

V.A.T. is charged at 15%. How much V.A.T. do I pay on a tyre costing 
£80? 

One angle in an isosceles triangle is 102°. What are the other angles? 
How many minutes are there in a day? 

A circle has an area of 300 cm?. Approximately what is the radius? 


For questions 19 to 25 look at pages 264 and 265. 


19. 
20. 


21. 


22. 


23. 


24. 


25. 


(Fig. E). Which car has the best fuel consumption at a steady 70 m.p.h.? 
(Fig. B). Tina has 13 hours left on a video tape. How much will be left 
after taping “Вегвегас”? 

(Fig. A). Hannah borrows £1000 and starts repaying over 90 months. 
How much has she paid after 5 months? 

(Fig. F). Yahangir arrives at Northwood at twenty past nine. At what 
time did his train leave Northwick Park? 

(Fig. J). An aircraft flies from C to D. On approximately what bearing is 
it flying? 

(Fig. I). How much do I pay for a child to stay in Elma for 14 nights 
starting on the 9th of May? 

(Fig. H). If the 1984 figures were displayed in a pie chart, approximately 
what angle would represent ‘Oil’? 


Test 7 
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Test 7 


Ф ш һә ма 


о Је UA 


10. 
11. 
12. 
13. 
14. 


15. 
16. 


17. 
18. 


. Find two ways of making 64 pence using five coins. 
. How long will it take to drive 100 miles at an average speed of 


60 m.p.h.? 


. Three tickets cost #6:30 altogether. How much will five tickets cost? 
. А watch ticks once every second. How many times will it tick in two 


hours? 


. Work out as a single number, five squared plus six squared. 

. Philip weighs ten stone six pounds. How many pounds is that? 

. How many centimetres are there in 25 km? 

. A rectangular pane of glass measures 4 feet by 3 feet. How much will 


the pane cost if the price of glass is #1-50 per square foot? 


. A dress is marked at a sale price of £40 after a reduction of 20%. What 


was the original price? 

An estate agent charges commission of 15 per cent on sales. How much 
does he receive when a house is sold for £50 000? 

My grandfather celebrated his ninety-second birthday in 1980. In what 
year was he born? 

A small glass holds 50 millilitres of spirit. How many glasses can be 
filled from a one litre bottle? 

One drilling machine weighs 35-8 kg. What is the weight of two 
machines? 

Steve pays £2:30 for six drinks and one sandwich. How much is each 
drink if the sandwich costs 50p? 

How many prime numbers are there between 36 and 46? 

A rectangle measures 5 cm by 3 cm. How long is a diagonal to the 
nearest centimetre? 

A ship's pump delivered 2-5 litres in 3 seconds. How many litres will it 
deliver in one minute? 

What is the smallest number which must be added to 57 to make it 
exactly divisible by 7? 


For questions 19 to 25 look at pages 264 and 265. 


19. 
20. 
21. 


22. 
23. 
24. 
25 


* 


(Fig. C). I have two letters each weighing 380 g. How much more will it 
cost to send them 1st class rather than 2nd class? 

(Fig. E). The fuel tank of a standard Toyota Camry is increased by 2096 
for a rally. What is the new size? 

(Fig. G). Mr and Mrs Campbell take their 5 m car on the ferry from 
Folkestone to Boulogne. How much will it cost for them and the car on 
tariff B? 

(Fig. J). A submarine sails from C to A. On approximately what bearing 
is it sailing? 

(Fig. I). I want to go on holiday for 14 nights starting on the 8th of 
September. How much more expensive is Mimosa rather than Elma? 
(Fig. B). A video is set up to record ‘Bob’s Full House’ and ‘Cagney and 
Lacey'. How much tape will be used? 

(Fig. A). I can repay a loan for £4000 over either 10 years or 90 months. 
What is the difference in the monthly payments? 
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REVISION TESTS 
Test 1 


1. How many mm are there in 


1 m 1 сп? 


. The circumference of a circle 


is 167 cm. The radius, in cm, 
of the circle is 


. In the triangle below the value 


of cos x is 


4 


. The line y = 2x — 1 cuts the 


x-axis at P. The 
coordinates of P are 


. The formula b += = с 


is rearranged to make x Ше 
subject. What is x? 


. The mean weight of a group of 


11 men is 70 kg. What is the 
mean weight of the remaining 
group when a man of weight 
90 kg leaves? 


. How many lines of symmetry 


has this shape? 


. In standard form the value of 


2000 х 80 000 is 


. The solutions of the equation 


(х-3)(2х + 1) = 0 are 


МО» Оз» cou» 


МОЕ > сар оО Обр сат» 


бо» ВОН > 


1001 
1110 
1010 
1100 


Qo 314. М 


1:333 
0-75 
0-6 


(0, -1) 
(73, 0) 
(-1, 0) 


a(c — b) 
ac — b 
c—b 





ac + ab 


80 kg 
72 kg 
68 kg 
62 kg 


= Ne © 


10. In the triangle the size of angle 


x 18 


35° 


11. A man paid tax on £9000 at 


30%. He paid the tax in 12 
equal payments. Each 
payment was 


12. The approximate value of 


3.96 x (0-5)? is 
97.1 


13. Given that 2 5, 


then л = 


14. Cube А has side 2 ст. 


Cube B has side 4 cm. 
Volume of B 
Volume of A 


15. How many tiles of side 50 cm 


will be needed to cover the 
floor shown? 
6m 


2m 


2m 


16. The equation ax? + x – 6 = 0 


has a solution x = —2 
What ts a? 


17. Which of the following is/are 


correct? 

1. У0:16= 0:4 

2. 0-2 + 0:1 = 0-2 
3. $>? 


18. How many prime numbers аге 


there between 30 and 40? 


МО 5 > 


ось Ор gow» gQow» conu» 


cow» onu» 


оо» 


35° 
70° 
110° 
40° 


52-25 
£22-50 
£225 
£250 


0-01 


1 only 
2 only 
3 only 
1 and 2 


ы гә — © 


19. 


21. 


22. 


25. 


Test 2 


A man is paid £180 per week 
after a pay rise of 20%. What 
was he paid before? 


. A car travels for 20 minutes at 


45 m.p.h. and then for 40 
minutes at 60 m.p.h. The 
average speed for the whole 
journey is 

The point (3, —1) is reflected 
in the line y 2 2. The new 
coordinates are 


Two discs are randomly taken 
from a bag containing 3 red 
discs and 2 blue discs. What is 
the probability of taking 2 red 
discs? 


. The shaded area, in cm’, is 





8 cm 


. Given the equation 5* — 120, 


the best approximate solution 
is x = 


What is the sine of 45°? 


ow» НОВ 


Өс» НОЖ > НОВ 


я > НОВ» 


о а 


юне NH ЈЕ БО 
5а-2778 
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Test 2 

1. What is the value of Ше A 9 
expression (x — 2)(x + 4) B -9 
when x = —1? С 5 

D -5 

2. The perimeter of a square is A 36cm? 

36 cm. What is its area? В 324 ст? 
C 81cm? 
D 9cm? 

3. AB is a diameter of the circle. А 70 

Find the angle BCO. B 20 
ё C 60 
ИРА эл 

| КИ | 

4. The gradient of the line A 3 
2x+y=3 15 В -2 

с i 
E. 

5. А firm employs 1200 people, А 40% 
of whom 240 are men. The B 10% 
percentage of employees who С 15% 
are men is | D 20% 

6. A car is travelling at a A imile 
constant speed of 30 m.p.h. B 3miles 
How far will the car travel in C 5miles 
10 minutes? D 6miles 

7. What are the coordinates of A (-1,1) 
the point (1, —1) after B (1,1) 
reflection in the line y 2 x? C (-1,-1) 

D (1, -1) 

8. 3+:= А & 

В 5 
С в 
D is 
9. In the triangle the size of the A 30° 
largest angle is B 90? 
C 120 
D 80 
10. 800 decreased by 590 is A 795 
B 640 
C 760 
D 
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12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 
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Which of the statements is 
(are) true? 

1. tan 60° = 2 

2. sin 60? = cos 30? 

3. sin 30? > cos 30° 


в [N 
v3 


Given a=?, Б =}, с= } then 


The larger angle between 
South-West and East is 


Each exterior angle of a 
regular polygon with п sides is 
10°; п = 


What is Ше value of 1—0-05 as 
a fraction? 


Find the length x. 
Q 
х 
А 
10 


Given that m = 2 and n = –3, 
what is mn^? 


The graph of 

y = (x — 3)(x — 2) cuts the 
y-axis at P. 

The coordinates of P are 
£240 is shared in the ratio 
2:3:7. The largest share is 


. Adjacent angles ina 


parallelogram are x° and 3x°. 
Th smallest angles in the 
parallelogram are each 


cou» 


com» Ор cou» cou» ouv» 


ст» сл» unu» cou» 


1 only 
2 only 
3 only 
2 and 3 


a«b«c 
a«c«b 
abc 
a>c>b 


225° 


135° 


—18 


-36 
36 
(0, 6) 
(6, 0) 
(2, 0) 
(3, 0) 


£130 
£140 
£150 
£160 
309 
45? 
60° 
120° 


21. When Ше sides of a square are 
increased by 1090 the area 15 
increased by 


22. The volume, in ст“, of the 
cylinder is 


= 


23. A car travels for 10 minutes at 
30 m.p.h. and then for 20 
minutes at 45 m.p.h. The 
average speed for the whole 
journey is 

24. Four people each toss a coin. 
What is the probability that 
the fourth person will toss a 
‘tail’? 


25. A rectangle 8 cm by 6 cm is 
inscribed inside a circle. 
What is the area, in cm?, of 
the circle? 


Test 3 


1. The price of a T. V. changed 
from £240 to £300. What is the 
percentage increase? 


2. Find the length x. 


«——— 4 — 3 —> 
3. The bearing of А from 

B is 120". What is the 

bearing of B from A? 


4. Numbers m, x and y satisfy the 
equation y = mx’. 
When т=з and x = 4 the 


value of y is 


осш» cou» 


ор 


сш» оосо ВЕ > 


бай» ОН» 


Jonn» couv» 
Ne оо + 


1096 
2096 
2190 
1590 
97 
127 
6007 
9007 


40 m.p.h. 
375 m.p.h. 
20 m.p.h. 
35 m.p.h. 


ть М 
оле 
чаз 


1007 


060* 
120* 
240* 
300* 


Test 3 


5. A school has 400 pupils, of 


whom 250 are boys. The ratio 
of boys to girls is 


6. А train is travelling at a speed 


of 30 km per hour. How long 
will it take to travel 500 m? 


7. The approximate value of 


9-65 x 0-203 . 
0-0198 


8. Which point does not 


lie on the curve 


10. The largest number of 1 cm 


cubes which will fit inside a 
cubical box of side 1 m 15 


11. The shaded area in the Venn 


diagram represents 





12. Which of the following has the 


largest value? 


13. Two dice numbered 1 to 6 are 


thrown together and their 
scores are added. The 
probability that the sum will 
be 12 is 


14. The length, in cm, of the 


minor arc is 


Дап 


cow» gQow» FAP > оош» оош» conu» о ош» 


о о 95 > 


couv» ow» 


(AWN UD 


A'UB 
ANB’ 
A'nB 
(A  B)' 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


Metal of weight 84 Кр is made 
into 40000 pins. What is the 
weight, in kg, of one pin? 


What is the value of x which 
satisfies both equations? 
Зх+у=1 

х-2у- 5 

What is the new fare when Ше 
old fare of £250 is increased by 
8%? | 


What is the area of this 
triangle? 


8x 


What values of x satisfy the 
inequality 2 — 3x > 1? 


A right-angled triangle has 
sides in the ratio 5: 12: 13. 
The tangent of the smallest 
angle is 


The area of A ABE is 4 cm?. 
The area of ЛАСО is 


A 


2 


C 


Given 2* = 3 and 2” = 5, the 
value of 2**" is 


. The probability of an event 


occurring is 0-35. The 
probability of the event not 
Occurring is 


cow» бояр cow» НЗОК > 


cow» И ОВ» НО В > 


Jg 


ВОН > SASS 
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£258 
£260 
£270 
2281.25 


12х2 
15x? 
16x? 
30x? 


== 


х<- 


~“ X M 
A VV 
| 
ъд 


vem 6 


nly zl als vis 


авч 
e 
© 
3 
~ 


м CA 
Mea 
о 
8 З, 
~ 


16 cm? 


15 


125 


0-35 
0-65 
0-35 
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Part 12 Меша! arithmetic, Revision tests 


25. On a map a distance of 36 km 
Is represented by a line of 1:8 
cm. What is the scale of the 


map? 


Test 4 


1. What is the value of x 
satisfying the simultaneous 
equations 
3х + гу = 13 

x-2y=-1? 

2. A Straight line is 4-5 cm long. 

2 of the line is 


3. The mean of four numbers is 
12. The mean of three of the 
numbers is 13. What is the 
fourth number? 


4. How many cubes of edge 3 cm 
are needed to fill a box with 
internal dimensions 12 cm by 
бст by 6 cm? 


. What fraction of the area of 
the rectangle is the area of the 
triangle? 


Рок > cos» TO > 


бос» бор осе» 


дон ai= 


1: 2000 
1:20000 
1:200 000 
1:2000000 


> 


NUUN 


0-4 cm 
1.8 cm 
2 cm 
0-18 cm 


9 
12:5 
7 
1 


8 

18 
16 
24 


For questions 5 to 7 use the diagram below. 





A 


5. The length of AB, in cm, is 


3 cm 


D 


МОН > 





10. 


11. 


12. 


13. 


14. 


15. 


16. 


. The sine of angle DCB is 


. The tangent of angle CBD is 


. The value of 4865-355 correct 


to 2 significant figures is 


. What values of y satisfy the 


inequality 4y — 1 « 0? 


The area of a circle is 1007 ст”. 
The radius, in cm, of the circle is 


If f(x) =x? – 3, then 
А3) - А-1) = 


In the triangle BE is parallel 
to CD. What is x? 


A 


x 


The cube root of 64 is 


Given a+b=10 

and а-5-4 

then 2а—56= 

Given 16" - 4^, 

what is x? 

What is the area, in m?, of a 


square with each side 0-02 m 
long? 


ОББ > 0493» TOWT Aw unu» сохр осш» 


оош» Осол» ОР VOR > 


0-8 
1-25 
0-6 
0-75 
0-6 
0-75 
1:333 
1:6 
4865-36 
4865-35 
4900 
49 
у<4 
ус-4 
у>} 
ус 
50 

10 
У50 

5 

5 


10 
8 


ON C 
Un 


л 
ы Nie 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


25. 


Test 4 


I start with x, then square it, 
multiply by 3 and finally 
subtract 4. The final result is 


How many prime numbers are 
there between 50 and 60? 


What are the coordinates of 
the point (2, —2) after 
reflection in the line y = —x? 


The area of a circle is 367 cm?. 


The circumference, in cm, is 


The gradient of the line 
2x —Зу = 415 


When all three sides of a 
triangle are trebled in length, 
the area is increased by a 
factor of 


«= (2) 


х= 


. А coin is tossed three times. 


The probability of getting 
three ‘heads’ is 


A triangle has sides of length 
5 cm, 5 cm and 6 cm. What is 
the area, in ст? 


о Br бор FOP > cou» FOr TOP? ВО > 


oou» ор 


| = WN ка 
је ~ 
3 


МЮ OON о 
~ эрэ Wit 


ns 
3 


т 
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Part 12 Mental arithmetic, Revision tests 


£1,090 to £15,000 over 3-15 years 


HOME IMPROVEMENT LOANS 
REDUCE YOUR MONTHLY OUTGOINGS 
A LUMP SUM WILL PAY OFF ALLYOUR BILLS 
IMMEDIATE DECISIONS! ___ 
Sean NES 13) 250) 3586 
£2500 4409 4992 6267 89.63 


£4000 70.54 79.86 100.28 143.41 
£5500 9699 109.81 137.88 197.19 


Ice Example: но” 
ths at £25.86 APR 18. 8% VARIABLE 
Total coal £1290.96. APR 18. 18. A var. 
















Fig. B 


ВВС 1 





THE HUNTER. 

THE MUPPET BABIES. 

SATURDAY SUPERSTORE. 

156 GRANDSTAND introduced by 
Desmond Lynam: football, racing, 
ski-ing, boxing, rallying, cricket, 
rugby, ice hockey. 

.05 NEWS, weather. 

.15 REGIONAL NEWS. 

20 PERFECT STRANGERS. 

45 JIM'LL FIX IT. 

.20 HI-DE-HI1 

50 BOB'S FULL HOUSE. 

.28 THE PAUL DANIELS MAGIC 
SHOW. 

.10 BERGERAC. 

5 CARROTT CONFIDENTIAL. 
9.40 NEWS, Sport, Weather. 
9.55 CAGNEY AND LACEY. 

10.45 CRICKET: The World Series Cup. 

England v West Indies. 

11.35 FILM: LET'S DO IT AGAIN. To 

raise money for a new meeting 

place for their lodge in Atlanta, 


ос wNOoOdoo 
оз мамфюзо 


Fig. A Sidney Poitier and Bill Cosby em- 
bark on a double crossing scheme, 
which leads hoodlums to follow 
them back to Atlanta looking for 
recompense. A 1975 comedy. 
1.25 WEATHER. 
Letter Post 
Weight Ist 2nd Weight 1м 2nd 
nat over class class not over class class : 
б0р 1Вр lp 500K 92р 70р FENCE PANELS eiie 
100g 26p 20р 600g £1.15 85p 
150g 32р  24р 700g £1.35 41:00 Fine Lerch Post За x За 
200g 40р 3Up 150р — €145 41.05 8х8 - £6.90 6x8 - £750 8 - £280 
250 m um Ed See се 8х5 - £840 0х5 - £7.00 7 - £255 
>R P р В admissible Gx4 - £590 84 - £650 В - £2.30 
300g —— 856p _ 43р чи #70  admissibk 6x3 - #540 6x3 - £8.00 Post сара 20р 
350g _ 6p 4p —— Пхи 11.5. нь vere Also in stock: concrets posts and concrete gravel boerde (plain and pattern) 
400g 72p 55р Each extra 250g 30 Met Рей «t 1348: биш end Trolls made, (12 oech 
Е ES ЯН thereol45 Prices include 
50 Lun ерее J.B. FENCING — HITCHIN 834513 
Fig. C Best Prices on Erection Service с3п15 
Fig. D 
||] Second бол 5 with teat seal fully folded 
fuel censumption performance 
~ S S 
е S А > > „> Ф $ 
SOS oF Я г SPSS SS 
$ $ Ш ~ “даа 
ФФ Ды РК ФУ E/E Ж ЭРЭР ХЭС 
$? ФФ е & ФИФЕ ге хх 
% сс bhp metres metres lites ст tiles | mpg mpg mpg | | sec se sec mph 
SALOONS 
Audi 60 1.8GL 9224 15 1781 80 4 441 149 30 67 68 | 312 39 169 181 110 79 109 
Honda Accord EX 2.0 8750 2 1955 15 4 454 170 45 6 60 | 278 36  158| 67| 179 112 90 12 
Mazda 628 2.081Х 8124 14 1998 102 4 443 169 440/645 64 60 | 259 33  153|6 | 183 116 92 106 
Toyota Camry 2.060 9659 12 1995 106 4 444 169 40 84 55 | 301 34 170]5 | 185 118 101 105 
ESTATES 
Austin Montego 2.0HL 8987 14 1994 105 5 447 1.71 480860 56 50 | 293 36 уз К 189 120 106 10 
Citroën ВХ19 TRS 8903 14 1905 105 5 424 168 300785 40 52 | 285 37 146/75 | 179 106 76 108 
Fiai Regata 1003 Weekend 8590 13 1585 99 5 427 165 480795 52 55 | 291 15215 | 190 126 121 109 
Nissan Bluebird 2.001 8845 14 1973 105 5 437 1.69 480725 59 60 | 281 35 1168/6 | 185 120 105 105 


Fig. E 
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London to Harrow, Watford, Chesham, Amersham and Aylesbury Fig. F 
ЭЕ == гї: 
Marylebone... ... .. .. 1910 .. ёл bes — .. 2010 .. ar та ЗЭ ... 2240 .. 
Baker Street... ... ... 1850 1905 1920 1933 1935 1950 2005 2020 2033 2035 2050 2105 
Finchley Road ... ... ... 1856 1911 1926 1939 1941 1956 2011 2026 2039 2041 2056 2111 
Wembley Park... ... ... 1902 1917 1932 1947 2002 2017 2032 2047 2102 2117 
Preston Road .. .. .. 1904 1919 1934 1949 2004 2019 2034 2049 2104 2119 
Northwick Рак — ... .. 1907 1922 1937 1952 2007 2022 2037 2052 2107 2122 
Harrow-on-the-Hill — ... 1909 1922 1924 1939 1949 1954 2009 2022 2024 2039 2049 2054 2109 2122 2124 
North Harrow e. e 9912 1927 1942 1957 2012 2027 2042 2057 2112 2127 
Pinner e. ee 1914 1929 1944 1959 2014 2029 2044 2059 2114 2129 
Northwood Hills... ... 1917 1932 1947 2002 2017 2032 2047 2102 2117 2137 
Northwood ... ... ... 1920 1935 1950 2005 2020 2035 2050 2105 2120 2135 
Moor Park ... .. ... 1923 1930 1938 1953 1957 2008 2023 2030 2038 2053 2057 2108 2123 2130 2138 
Croxley ese oc. 1927 l 1942 1957 2012 2077 2042 2057 2112 2127 2142 
Warford... ... .. 1933 1947 2003 2017 2033 2047 2103 2117 2133 2147 
Rickmansworth ... 2. = 4934 —— — 2001 —— -—- 2034 — == 2101 — -— 2134 —— 
Chorleywood .. ... .. ... 1938 .. .. 2005 .. ... 2038 .. n. 2105... ... 2138 . 
Chesham... ..dep .. 19286... ... 19582. ..., ... 2028 .. ... 20582 .. ... 2128c . 
Chalfont & Latimer 0... 1943... 200 .. .. 20433 .. .. 2109 . 2143 
Chesham ... ... arr .. 19546 ... .. 2019c .. ... 20546 .. ac d MC аи. ... 21542 .. 
Amersham =... .. .. .. 1948 .. .. 2013 .. ... 2048 .. .. 2113 .. e. 2149 
Great Missenden... ... „. 1955 .. vee — ... ... 2055 .. ..-- ... ... 2155 * 
Wendover  .. .. .. .. 200 .. “з m i ... 2402 .. ve те ies .. 2202 .. 
Stoke Mandeville .. .. .. 2006 .. |... .. 4485 "ee 20%... (цаг. xus Sid .. 2206 .. 
Aylesbury Pip hear WAS. dag > ОТО "au. oos € 383 ... 2210 .. "EOS m .. 20 .. 
Car Ferry Tariffs FUEL SHARE OF FINAL USER ENERGY MARKET 
| (EXCLUDING TRANSPORT 
Motorist Fares/Vehicle Rates юг Single Journeys 


косо GS G^ an gn a of 
AV GM а 37-28 28 ut^ at uM at 
FOLKESTONE Зарев а РИ ВОИ АЕ А 
—BOULOGNE 


Taritt | Таги ' Тапи | Taritt | Таги Таги | Тали | Тани | Тоти 
MOTORIST PARES 
tdnver and accompanying Е | р | c | B E | р | е в | A 
passengers) £ £ f | Ё t £ | £ | £ Е 
Adult 1000! 1000 | 1000 ' 1000 1000 | 1900 1000 | 1000 ! 1000 
Child (4 but under 14 years) 500 | 500 500 | 500| 500 500 | 500 500 | 500 


VEHICLE RATES 

Cars, Motortsed Caravans, 

Minibuses and | 
Three-whested Vehicles | | 

Up to 400m tn length 16.00 2400 | 33.00 | 4300 | 1600 | 21 00 3300 | 
Up to 4 50m in tengih pers pedet hopes 5200 | 16.00 2700 | 4200 
Up to 550m in length 1600 ' 3400 | 5000 | 60001 1600! 31.00; 

Over 550m each additional | 900 | 900 | 900! 900 

metre (or рап thereo!) 


К е 
5200 | 6000 





Fig. С 
North North 
Flying to FARD Airport Mimosa Buganvilia Ета 
Departure auport |. бам |. Gatwck — | Gatwick || * B 
Humber o! nights | | а 17 [4] 7 Та | Child 
Üepartureday/approx time | 5211545 — | 55411545 — |] 541545 | мн 
Arrive backday/zpprox lime | 542210 | $2220 | 542210 | | (зеераце3) 
First departure | SAp | , | 3May | 
Last depirlure Саба | noa | 1809 | noe |1809 | ий | Ж 
Hotiday number | н356' | H3554 SS 
1 Apr-23 Apr Bargain | 15808 | 184 [ 159 | 14 | — 1- | 
> 24 Apr-8 May Bargain | 10 | va | wo | toa | i3 | 5 | 50% BO 
LAJ 9 May-15 May Barg | 152 | 184 | 150 | 175 ] 141 16 
16 Мау-26 | 172 | 221 | 170 | 185 | 161 | 165 | 
27 May-SJunSergsn 1151 | 231 | 155 | 179 | 147 | m | A 
6Jun-19Jun Вю 1181 | 251 [ 165 | 199 | 157 | 191. 25% 
20 Jun-26 Jun | 231 | 263 1 175 | 200 | 157 | 23 | 
143 27 Jun-3 Jul | 205 | 256 | 178 | 213 | 169 | 294 | 
СС 4 Jul-17 Jul | 208 | 265 | 191 | 213 | 12 | 205 | с 
18 Jut-10 Aug | 222 | 289 | 195 | 227 | 188 | 219 | 
СС 11 Aug-25 Aug | 209 | 218 | 162 | 21 | 174 | 204 | 1596 
«C 26 Ашу-7 Sep ри ры | 20 
13: 8 520-28 Sep | 195 | 252 | 172 | 207 | 163 | 122 
СО 29 Sep-5 Oct | 172 | 23 | 171 [| 25 | 162 | 195 | 
6 Oct-17 Oct Bargain | 152 | 199 | 151 1 182 1 142 | 174 | 
18 09-2404 L 99 | — | 101 — | W | — | 
TranderarporUhotelipprox] — 4$mes | бом | бєє: | - | 3 


Fig. I Fig. J 


Answers 








PART 1 
pagel Exercise 1 

1. 7:91 2. 22:22 3. 7:372 4. 0-066 5. 
6. 1-22 7. 1-67 8. 1-61 9. 16:63 10. 
11. 26:7 12. 3-86 13. 0-001 14. 1:56 15. 
16. 2:176 17. 0-02 18. 0-0001 19. 7-56 20 
21. 360 22. 34000 23. 18 24. 0:74 25. 
26. 1620 27. 8.8 28. 1200 29. 0:00 175 30. 
31. 200 32. 0-804 33. 0-8 34. 0:077 35. 
36. 0:01 37. 184 38. 20 39. 0-099 40. 


page2 Exercise 2 


I. 20 2. 256; 65536 


3. 67 + 72 + 42? = 43°; д? + (x + 1)? + (х + DP + (х + х + 1): 
(b) 57 х 8 = 456 
11. 


4. (а) 54 х 9 = 486 
5. 32 8. 21 


page3 Exercise 3 


1. 14 2. 5 

6. 5 7. & 

и. 4 12. 15 

16. 15 17. 1: 

21. 15 22. i 

26. (а) 5, тъ. 3 (b) +4, 
27. (а) 3 (b) 3 ( 
29. 9 30. same 
page 3 Exercise 4 

1. 0.25 2. 0-4 

6. 0.375 7. 0-9. 

11. 0-6. 12. 0-83 

16. 0:45 17. 12 — 
21. 2.1875 22. 2.285714 
26. 7 27. | 

31. i 32. 2 

36. 15; 37. 3 

41. 0-58 42. 1-42 

16 47. 3-64 


0: 
46. 0: 
и. 


51. 1. 0-705, 0:71 


3i 
8. 
13. 
18. 
23. 


28. = 
33. 


(c) Three possible answers 


37 


0-8 
0-625 
0-285 714 
2-625 
2-857 142 


38. ix 


43. 
48. 
52. ti 


4. 5 5. 
9, 13 10. 
14. 2 15. 
19. 65 20. 
24. 51 25, 
: (d) 4 6? р 

(e) i (f) 
4. 0-75. 5. 
9. 0-416 _ 10. 
14. 0-428571 15. 
19. 2-3 20. 
24. 3-19 25. 
29. = 30. 
34. 23; 35. 
39. ix 40. 
44. 1-61 45. 
49. $, 0:33, 1 50. 


Ре, ЛАГ 


O 


“> 


Б^ 





Answers Part 1 


page4 Exercise 5 


1. 3, 11, 19, 23, 29, 31, 37, 47, 59, 61, 67, 73 
2. (a) 4,8, 12,16,20 (Ы) 6, 12, 18, 24, 30 
(d) 11, 22, 33, 44, 55 (e) 20, 40, 60, 80, 100 
3. 12 and 24 4. 15 
5. (a) 1,2,3,6 (b) 1,3,9 (c) 1,2, 5, 10 
(d) 1,3, 5, 15 (e) 1, 2, 3, 4, 6, 8, 12, 24 (f) 1, 2, 4, 8, 16, 32 
6. (a) rational (b) rational (c) irrational 
(e) rational (f) irrational (g) rational 
(i) irrational (j) rational (k) rational 
7. (a) Yes. Divide by 2, 3, 5, 7, 11, 13. (i.e. prime numbers « М263) 
(b) No 
(c) Prime numbers « V1147 


(c) 10, 20, 30, 40, 50 


page4 Exercise б 


267 


(d) rational 
(h) irrational 
(1) irrational 


1. 18,22 2. 30, 37 3. 63,55 4. -7,-12 5. 21,27 
6. 2, —5 7. 16,22 8. 16,32 9. 25, 15 10. —4, —10 
11. -4, –3 12. 7, 3 13. 5,5 14. 2,5 15. 32, 47 
16. 840, 6720 17. 5, -1 18. 2,1 
раре 4 Exercise 7 

1. 3,5,7,9, | 2. 11, 16, 21, 26, 31 3. 12,10,8,6,4 

4. 5, 6l, 8, 95, 1 5. 3, 6, 12, 24, 48 6. 64, 32, 16, 8, 4 

7. 2, 4, 16, 256 с. 68896 8. 0, 1, 2, 5, 26 9. 3,4,3, 4, 3 

10. 2,4, 2,3,2 11. 1,4,9, 16 12. 0, 3, 8, 15 

13. 2, 8, 18, 32 14. 3, 5,7, 9 15. 2, 6, 12, 20 

16. 2, 4, 8, 16 17. 6, 12, 20, 30 18. 6, 12, 24, 48 

19. 3n 20. 5п 21. п? 

22. 2 23. 3" 24. n(n + 2) 
page5 Exercise 8 

1. (a) 8 (b) 8-17 (c) 8-17 2. (a) 20 (b) 19-6 (c) 19-62 
3. (a) 20 (b) 20-0 (c) 20-04 4. (a) 1 (b) 0-815 (c) 0-81 

5. (a) 311 (b) 311 (c) 311-14 6. (a) 0 (b) 0-275 (c) 0-28 

7. (a) 0 (b) 0-00747 (c) 0-01 8. (a) 16 (b) 15-6 (c) 15-62 
9. (a) 900 (b) 900 (c) 900-12 10. (a) 4 (b) 3-56 (c) 3-56 
1. (а) 5 (b) 5-45 (c) 5-45 12. (a) 21 (b) 21-0 (c) 20-96 
13. (а) 0 (b) 0-0851 (c) 0-09 14. (a) ! (b) 0-515 (c) 0-52 
15. (а) 3 (b) 3-07 (c) 3-07 16. 5-7 17. 0:8 18. 11-2 
19. 0- 20. 0-0 21. 11-1 22. (i) 10-5 (ii) 4-3 

23. (i) 13,11 (ii) 3,1 (iii) 0-846, 0-6 24. (a) 56cm? (5) 28 ст? 25. 3-30, 2.87 
paged Exercise 9 

1. 70-56 2. 118-958 3. 451-62 4. 33678-8 5. 0-6174 
6. 1068 7. 19-53 8. 18914-4 9. 38-72 10. 0-00979 
11. 2:4 12. 11 13. 41 14. 8-9 15. 4-7 

16. 56 17. 0-0201 18. 30:1 19. 143 20. 0-31 
21. 210-21 22. 282.131 24. 35 25. 242 


294 23. 


268 


Answers Part 1 


page 6 > Exercise 10 


1. 4x 10? 2. 5x 10? 3. 7х 10* 4. 6x10 5. 2-4 x 10° 
6. 3-8 x 107 7. 4-6 x 10° 8. 4-6 x 10 9. 9х 10° 10. 2:56 x 10 
11. 7х 1077 12. 4 x 1077 13. 3:5 x 10? 14. 4-21 x 107! 15. 5-5 x 107° 
16. 1x 1072 17. 5-64 x 10" 18. 1:9 x 10’ 19. 1-1 x 10° 20. 1:67 х 1024 
21. 5-1 х 10° 22. 2-5 х 10719 23. 6:023 х 1023 24. 3x 100 25. £3-6 х 10° 
равеб > Exercise 11 
1. 1-5х 10’ 2. 3x 108 3. 2.8 х 1072 4. 7х 1079 5. 2x 10° 
6. 4х 1079 7. 9х 107? 8. 6-6 x 10-8 9. 3.5 х 1077 10. 10-19 
11. 8х 10° 12. 74х 1077 13. c, a, b 14. 13 15. 16 
16. (i) 8:75 x 102, 3-75 x 10? (1) 105, 4-29 x 10? 
17. 50 min 18. 6x10? 19. (а) 20:55 (b) 6:3 x 10?! years 
раре7 Exercise 12 
1. 1:3 2. 1:6 3. 1:50 4. 1: 1-6 5. 1:0:75 
6. 1:0-375 7. 1:25 8. 1:8 9. 2:4:1 10. 2:5:1 
1. 0-8:1 12. 0:02:1 13. £15, £25 14. £36, £84 15. 140 m, 110m 
16. £18, £27, #72 17. 15 kg, 75 kg, 90 kg 18. 46 min, 69 min, 69 min 
19. £39 20. 18 kg, 36 kg, 54 kg, 72 kg 21. £400, £1000, £1000, £1600 
22. 5:3 23. £200 24. 3:7 25. ix 26. 6 
27. 12 28. £120 29. 300 2 30. 625 
раве8 Exercise 13 
1. #1-68 2. #84 3. 6 days 4. 23 litres 5. 60 km 
6. 119g 7. £68-40 8. 2: weeks 9. 80р 10. (a) 12; (b) 2100 
11. 4 12. 5-6 days 13. £175 14. 5407 15. #1-20 
16. 190m 17. 1250 18. 14 min 19. 112h 20. 10h 
21. 57-1 min 22. 243 kg 23. 12 days 
page9 Exercise 14 
1. (a) Fr 218 (b) $121.80 (с) Ptas 36400 (d) DM 6:3 (e) Lire 5244 (f) $1-566 
2. (а) #45:87 (b) £1436-78 (с) #1-79 (а) £10-34 (e) £219-30 (f) £5-22 
3. £1-80 4. Spain by £1-20 5. £20000 
6. Germany #12 400; USA £14300; Britain #15 000; Belgium £17 200, France £17 800 
7. 3-25 Swiss francs = £1 8. DM 1690 9. £2197-46 10. 62:р 
page9 Exercise 15 
1. (a) 70 m (b) 16 m (с) 3:55 m (d) 108-5 т 
2. (a) 5 ст (b) 3-5 cm (с) 0-72 cm (d) 2-86 cm 
3. (а) 450000 ст (Ы) 4500 m (c) 4:5 km 
4. 12:3 km 5. 4-71 km 6. 50cm 7. 640 cm 8. 5-25 cm 
page 10 Exercise 16 
1. 40 m by 30 m; 12 ст?; 1200 m? | 2. 1 т?, 6 m? 3. 0:32 km? 4. 5m? 
5. 150 km? 6. 1200 hectares | 7. 240 cm? 8. 1:50000 


Answers Part 1 


раре 10 Exercise 17 


1. (а) 3 (b) 5 (а d) 5 
2. (а) 25% (b) 1096 (с) 875% (d) 33196 (e) 7296 (f) 3196 
3. (a) 0-36 (b) 0-28 (c) 0:07 (d) 0-134 (e) 0-6 (f) 0-875 
4. (a) 45%; 1; 0:6 (b) 4%; 2; 0-38 (c) 11%; 0-111; (d) 0:3; 3296; 1 
5. (a) 8590 (b) 77-5% (c) 23-75% (d) 5690 (e) 1096 (f) 37.596 
page ll Exercise 18 
1. (a) £15 (b) £900 (c) $2-80 (d) 125 
2. £32 3. 132p 4. 52-8 kg 
5. (а) #1-02 (b) £21-58 (c) £2-22 (d) £0-53 
6. {243-28 7. £26182 8. 96-89% 9. 77-596 
10. £71-48 11. 200 kg 12. 29000 13. 500 cm 14. £6-30 
15. 400 kg 16. 325 17. £35.25 18. £8425-60 
page 12 Exercise 19 
1. £49 2. £136 3. 14000 4. 5500 5. 22000 
6. 12000 7. 62p 8. 72p 
page 12 > Exercise 20 
1. (a) 2590, profit (b) 25%, profit (c) 10%, loss (d) 20%, profit 
(е) 30%. profit (f) 7-596, profit (g) 1296, loss (1) 54%, loss 
2. 2896 3. 442% 4. 46-995 5. 1290 6. 5196 
7. (a) £50 . (b) £450 (c) £800 (d) #12:40 
8. £500 9. £12 10. £5 11. 60p 12. £220 
13. 14.3% 14. 2096 15. 8:11 16. 2190 17. 20% 
раре 13 Exercise 21 
1. 7.15% 2. 4-23% 3. 12-9% 4. 0-17790 5. 6:15% 
6. 0-040276 7. 1-5590 8. 2-1%; 5-5%; Katy 9. 8% 
page 14 Exercise 22 
1. (a) £2180 (b) £2376-20 (c) £2590-06 
2. (a) 55550 (b) £6838-16 (c) £8425-29 
3. £13108 4. £5657 5. No. Should be > £193. 
6. (a) £14033 (b) £734 (с) £107 946 
7. 8 8. 11 9. (D) x = 9 (c) 9 years 
page 14 Exercise 23 | 
1. (а) £1380 (b) 412:50 (с) #3337-50 (4) #3855 (е) £4890-50 (f) £13875 
2. (a) £10000 (b) £5200 (c) £13 150 (d) #15965:56 (е) #16212:50 (f) £20471-67 
3. (a) £183-20 (b) £268 
4. 32% 5. 2990 6. 99.60; £628-80 
page 16 Exercise 24 
1. (a) 25h (b) ЗЕЋ (с) 755 (d) 4h 
2. (a) 20 nvs (b) 30 m/s (c) 831 nvs (d) 108 km/h (e) 79-2 km/h 
(f) 1:2 cm/s (g) 90 m/s (h) 25 mph (i) 0:03 miles per second 


269 


270 


Answers Part 1 


3. (a) 75 knvh 
(f) 200 km/h 

. (a) 110000 m 
(f) 80m 

. (а) 3-125 h 

. 46 km/h 

. (a) 8 m/s 

. 1230 km/h 

. 600m 


4» 


сә Мо 00 У Ut 


j 


(b) 4:52 km/h 
(g) 3 km/h 
(b) 10000 m 
(g) 960000 m 
(b) 76:8 km/h 


(b) 7:6 m/s 
10. 3h 
14. 5315 


page 17 | Exercise 25 


1. 3-041 

6. 0:4771 

11. 0-037 16 

16. 2-043 
21. 2-526 
26. 128-8 
31. 9-298 
36. 0:9767 

41. 0-000 4659 
46. 0-070 49 
51. 1:237 x 107 
56. 0-01138 
61. 0-006 562 
66. 1:296 х 107 


2. 1460 

7. 0-3658 
12. 34:31 
17. 0-3798 
22. 0-094 78 
27. 4-268 
32. 0-1010 
37. 0:8035 
42. 0-3934 
47. 405 400 
52. 3-003 
57. 1757 
62. 0-1330 
67. 5:595 x 1075 


page 18 Revision Exercise IA 


1. (a) 185 (b) 150 (c) 40 
2. 128cm 3. 2 uir 
6. 1-238 7. (а) 3x 10? 
8. (a) £26 (b) 6:5 
10. (a) (i) 572% (и) 873% 
12. (a) £500 (b) 37396 
15. (a) 2-4 km (b) 1 km? 
17. (a) 1:50000 (Ы) 1:4000000 
19. (a) (i) 7nvs (ii) 200 mvs 
20. (a) 0-005 m/s (b) 1:65 
22. (a) (i) 0-05 (ii) 14 
(c) (i) 138 (ii) 13-8 
23.(а) 5, 8, 11,14 (b) 2,6, 18, 54 
24. 2:3 x 10? 
25. (a) 600 (b) 10000 
26. (a) 0-5601 (b) 3:215 
27. (a) 0-340 (b) 4-08 x 1075 
28. 33-196 


page 20 Examination Exercise 1B 


1. (a) 3:05 
2. (а) 31 


(b) 3 
(b) D 


(с) 7.6 m/s (d) 4х 10° m/s 
(с) 56400 т (4) 4500 т 
6. (а) 4-45 h (b) 23-6 km/h 
(c) 102-63 $ (d) 7-79 m/s 
11, 1005 12. 15 minutes 
15. 5 cm/s 16. 605 
3. 0-030 83 4. 47-98 
8. 37-54 9. 8-000 
13. 0:7195 14. 3.598 
18. 0:7683 19. —0-5407 
23. 0-2110 24. 3-123 
28. 3-893 29. 0-6290 
33. 0-3692 34. 1:125 
38. 0-3528 39. 2.423 
43. —0-7526 44. 2-454 
48. 471-3 49. 20810 
53. 0:035 81 54. 47.40 
58. 0-026 35 59. 0-1651 
63. 0-4451 64. 0-036 16 
68. 1:022 х 107" 69. 0.01922 
(4) 15 (e) 2; 
5. (а) 0:0547 (b) 0:055 
(b) 3-7 x 10* (с) 2-7 x 10? 
(c) 6 9. £75 
(b) 4096 (c) 80p 
13. £350 14. £150-50, £8910 
16. (a) 300m (b) 60 cm 
18. (a) 2296 (b) 20-896 
(11) 5 m/s (b) (i) 144 km/h 
(c) 172-8 km 21. 331 mph 
(b) (i) 12:2 (1) 38-7 


(iii) 0-0138 
(c) 60, 53, 46, 39 


(c) 3 


(c) 0-6161 
(c) 64-9 


(с) В, DorA,E 


(d) 3, 9, 81, 6561 
(d) 60 


(d) 0-4743 
(d) 0-119 


(d) 34 


(e) 2:5 x 108 m/s 


(e) 50400 m 


17. 120 mph 


5. 130-6 
10. 0-6537 
15. 0.2445 
20. 0-07040 
25. 2.230 
30. 0-4069 
35. 1-677 
40. 1-639 
45. 40000 
50. 2:218 x 10° 
55. —1748 
60. 5447 
65, 19-43 
70. 0.9613 


(0 $ 

(с) 5-473 х 1072 
11. 5% 

(с) 150 ст? 

(c) £240 

(її) 2-16 km/h 


(iii) 0-0387 


(е) №, В, T, U 


Answers Part 2 


3. (a) 3 


(f p=1,qg=3,r=9,s=8,1=10 


4. (a) (i) £11-76 
(b) (i) 90p 
(c) #35-78 

. 176p 

. 0-4 т? 

. (1) #20-52 

. (а) £13130 

11. (а) 300 

12. (0) 1т 


юэ. 
ее ба 


(b) 10 


(ii) £8.99 
(ii) 54р 

(d) £32-92 
6. (a) 3km 
8. (i) £36100 
(ii) #36-90 


(c) 1,9 
(ш) 59-60 
(ii) 21:71 


(b) 625 000 m? 
(1) 55367 


(b) (i) £280; £313-60; £351-23 


(b) 10p 
(c) 1 m 


(c) Пр 
(d) £1250; £1625 


(e) 25 of A = £31250; 17 of B = £27 625; choose В. 


PART 2 


page 24 Exercise 1 


26. —12 
3. -7 
36. 4 
41. —26 
46. —50 
51. -0-1 
56. 4 


раре 25 Exercise 2 


1. —8 
6. —35 
11. —4 
16. —7 
21. 121 
26. -2-6 
31. —6 
36. —35 


раре 25 Exercise 3 


1. —10 
6. 16 
11. —5 
16. —2 
21. 93 
26. 48 


2. 211 


17. 181 
27. —80 


37. —20 
42. —21 
47. —508 
52. —4 


bum 
= 
nH > 


22. 2400 
27. -1 


37. -2:4 
42. -48 
47. —0-1 


357-8 12 
8. -35 
13. -2 
18. -2.2 
23. —15 
28. -13-1 
33. 4 

38. 8 

43. 8 

48. -29 


58. -4 


(9) 1,8 


(iv) £2-10 
(iv) 18p 


(ii) 40-596 
(d) 31-496 


29. —1000 


49. -4:3 


27] 


(e) 3,9 


(e) £141-45 


. —66 


.—3M 


. 18 


. 0-0002 
. —20 

. 640 

. —200 
. —90 


. —994 


Answers Part 2 


page 26 Exercise 4 


1.21 2. 
6. 9x10" 7. 
11. 802; 4n + 2 12 


page27 Exercise 5 


1. 7 2. 
6. —1 7. 
11. 0 12. 
16. —8 17. 
21. 7 22. 
26. 3 27. 
31. 0 32. 
36. 4 


page 27 Exercise 6 


1. 9 2. 
6. 18 7. 
11: —7 12. 
16. 36 17 
21. 5 22 
26. 0 27 
31. 19 32 
36. 12 37 
41. —23 42 


page27 Exercise 7 


1. —20 2. 
6. —160 7. 
11. 14 12. 
16. —6; 17. 
21. 45 22. 
26. 1 27. 
31. -7 32. 
36. -4, 37. 
41. 34 42. 
46. -2, 47 


раве28 >“ Exercise 8 


1, Зх+ Пу 
5. 9--х 

9. —10y 
13, 10. , 
a 


5 


17. — + 3b 
а 


21. 


25. 
29. 


x? + 5у? 


5x -2 
—5x — 20 


. 36 
. —26 


1-62 
101 


27 


. 144 
. —16 
25-25 


18. 


22. 


26. 
30. 


„2а+6 


3. 396 
8. 800 


= -1 Ww 


19. 


23. 


27. 
31. 


. Эх+2у 
‚ 5х—2у—х° 
. 7+7а—7а? 


15. 


4. 650 
9. ac + ab – а? 


4. 22 


„=й 
. —10 
ai 
sod 
22223 


Зт 


2; 
7x!— x? 


5x — 11x 


3x + 4 
3x7 — 5x 


о > 


16. 


20. 


28. 
32. 


. 63-8 
.r—pctq 


Answers Part 2 


33. 5x? + 14x 
37. ab + 4a 

41. x - 4 

45. 3) — ду +1 


рае 29 Exercise 9 


1. x? + 4x + 3 

5. х? + Зх – 10 

9. х:—9 

13. 2? - y - 3 

17. 3x? + Тху + 2у? 

21. 22 + 2x - 4 

25. 4a? — 165? 

29. x? + xy + х72 + xyz 


page29 Exercise 10 ~~ 


1. x? + 8x + 16 

5. y^ 10y + 25 

9. а? — 2а6 + b? 

13. 9x? + 12х+ 4 

17. 5х2 + 8х + 5 

21. -10у--5 
page 30 Exercise 11 

1. 8 2. 
6. 10 d 
11, 35 12. 
16. —25 17. 
21. 10 22. 
26. -15 27. 
31. 1 32. 
36. 2 37. 
41. 1 42. 
46. 1.1 47. 
page 30 Exercise 12 

1. -H 2. 
6. 6 7. 
11. 18 12. 
16. —5 17. 
21. -7i 22. 
26. 6 27. 
31. 103 32. 
36. —2% 37. 


34. —4х? — Зх 
38. у: + y 
42. 7х + 5у 
46. 12x + 12 

2. х? + 5x + 6 

6. х? — 5x + 6 
10. К2- 121 
14. 49у2- 1 
18. 662 + bc- с? 
22. бх? + 3x — 9 
26. х? – 3х? + 2х 

2. х + 4х + 4 

6. 9у? + бу+ 1 
10. 4а?- 12ab + 9b? 
14. а? — 4а + 4b? 
18. 2y? — 14у + 25 
22. Зх? -2x - 8 
9 3. 
1; 8. 
130 13. 
3 18. 
27 23. 
a 28. 
-7 33. 
-5 38. 
34 43. 
-1 48. 
2 3. 
-i 8. 
5 13. 
1 18. 
1 23. 
2 28. 
5 33. 
211 38. 


35. 


39. 
43 e 
47. 


суул 
„Ми. 
15. 

19. 

23. 


За + 8 

2х-2 
4х? — 11x 

4ab — За + 14b 


y? + ду + 20 


. а? — 2а – 35 

. 2x! - 5x - 3 

‚ 9 —4 

‚ —5х* + 16ху - Зу 
. 24y? + 4y - 8 

‚ Bx? - 2x 

‚ Зга? + 3zam — 62т? 


‚ X^ —4x +4 


x? + 2xy + y? 
Зх? +12х + 12 
2х? + 6x + 5 
10x – 5 
2x? + 4х — 4 


14. 5 
19. 2 


29. 1000 
34. 1: 
49. 2: 


14. 
19. 


> ос RR un- 


29. 
34. 


39. 


ү | 
> | 


12. 
16. 
20. 
24. 


.а+9 
6x t3 
‚ 2x? + 14x 


2x —4 


„Х2+х- 12 
„22+7г2- 18 
. 35 -2x - 8 


ба? + Sab + b? 


. 1562 + ab — 2а? 


6x7 — 10x — 4 


. Зу? + 3y? – 18у 


. Ax? + Ax 1 
. Ax? + 4ху + y? 


9 — 6x + x? 
2x? + 2x + 13 
—8x--8 
—x? — 18x + 15 


3 
10. 1 
15. 3 
20. -1 
25. 28 


35. 


45. 105 
50. 14 


10. —4 
15. 25 


30. 3 
35. —17 


40. 15 
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Answers Part 2 
page 31 Exercise 13 
1. i 2. -3 3. 4 4. -7 
7. — 8. 0 9. 1 10. —15 
13. — 14. 15 15. 12 16. 2 
19. 10, 8, 6 20. 13, 12,5 21. 5,4,3 22. 13, 12,5 
25. 4 
page 32 Exercise 14 
1.1 2. i 3. 1 4. —3 
7. 6 8. 3 9. —7 10. —75 
13. 4 14. —2 15. —3 16. 3 
19. 10 20. 24 21. 2 22. 3 
25. 6; 26. —3 27. 0 28. 3 
31. 2 32. 3 33. 4 34. 3 
37. 1 38. 1 39. 1 40. —! 
43. 2 44. — 45. 2 46. 3 
page 33 Exercise 15 
1. 91, 92, 93 2. 21, 22, 23, 24 3. 57, 59, 61 4 
6. 121 7. 115 8. 81, 415 9 
11. 12 ст 12. 20" 13. 5 ст 14 
16. 20°, 60°, 100° 17. 45°, 60°, 75° 18. 5 19 
21. 5, 15, 8 22. 595 kg, 642 kg, 723 kg 23 
28. 40,8 26. 6 27. 168:84 cm? 28 
30. #21-50 
page 34 Exercise 16 
1. £3700 2. 3 3. 8 4. 13m 
6. 30°, 60°, 90°, 120°, 150°, 270° 7. 26,58 8. 2 km 
11, 21 12. 23 13. £3600 14. 15 
16. 6,7,8,9 17. 2, 3, 4, 5 
page 36 Exercise 17 
1, x22, у=1 2/х=4,у=2 3. x23, у=1 
8. xz3,y-2 6. x=5,y=-2 7. x 2, y - 1 
9, x23, у= -1 10. a=2,b=-3 11. а=5,ђ -1 
13. m=}, n=4 14. w=2,x=3 15. х=б,у=3 
17. т= 15, n= 18. c= 18, 4 = 24 
раве 36 ^ Exercise 18 
1.1 2. -3 3: 2 4. 15 5. —12 6. 
9. —21 10. 1 11. 0 12. 15 13. —10 14. 
17. 2 18. 5 19. -19 20. —4 21. x 22. 
25. 9y 26. 3x 27. -8х 28. 4х 29. 2х 30. 
page 37 Exercise 19 
1, х=2,у=4 2. х= 1, у= 4 3. х= 2, у = 5 
5. x=5,y=2 6. a=3,b=1 7. х= 1, y 23 


. 14 


5. —43 
1. 1 
17. 10, 8, 6 
23. 4 ст 
5. = 
1. 2 
17. 15 
23. 5 
29. 0 
35. 1: 
41. 5 
. 506, 508, 510 
. 14, 132 
. 7 cm 
. 6,8 
. 24, 22, 15 
5. 807, 100? 
9, 8 km 
15. 2 Кт 
4. х- 
8. х = 
12. а = 
16. х = 
-3 7. —2 
3 15. 6 
—Зх 23. 4х 
Зу 
4. х 
8. х 


|] 
~ 


12. 


18. 
.5m 


10. 


- LA 
Ngee N 


Пини 


| ww |l 


о 


~ 


13, 12, 5 


. 121 

. 35 ст 

. 18, 275 

. 12, 24, 30 
. 48, 12 

. 45p, З1р 


400 m 


pai 


8. —11 
16. —11 
24. 4y 


Answers Part 2 


9. х= 2, у= 3 10. 
13. x25, у= 4 14. 
17. х= З у=] 18. 
21. х= 1, у= 2 22. 
25. х= 4, у = 3 26. 
29. х= 3, у= –1 30 
page 37 Exercise 20 

1.559). * 2. 
5. т= 4, с= –3 6. 
9. 7,3 10. 
12. 150 т, 350 т 13. 
16. man £50, woman £70 
18. 3 19. 
22. у-3х-2 23. 
25. 36,9 26. 
28. y 22x? - àx + 5 29. 
page 39 Exercise 21 

1. x(x * 5) 2 
5. у(2у + 3) 6 
9, 3c(2c - 7) 10. 
13. x(x + y + 32) 14. 
17. 2a(3a + 2b + c) 18. 
21. xk(x + К) 22. 
25. ab(a? + b?) 26. 
29. а?Ь(2а + 5b) 30. 
page 39 Exercise 22 

1. (a + b)(x + y) 2: 
5, х+у)(т + n) 6. 
9. (1 + К)(5 +t) 10. 
13. (a — х)(5 — y) 14. 
17. (2a + b)(x + Зу) 18. 
21. (2x + у)(За + b) 22. 
page 40 = Exercise 23 

1. (x - 2)(x +5) 2. 
5. (x + 2)(x + 6) 6 
9. (y + 3)(y + 12) 10. 
13. (x +5)(x - 7) 14. 
17. (x – 3)(х — 5) 18. 
21. (x — 4)(х — 4) 22 
25. (x — 20)(x + 12) 26. 
29. (x — 3)(x +3) 30. 
page 40 Exercise 24 

1. Qx + 3)(x + 1) 2: 
5. (3x + 2)(x + 2) 6. 
9. (2x + 7)(x — 3) 10. 
13. (3x — 2)(х - 3) 14. 


=4,y=] 11. 
=l,y=2 15. 
=l,y=2 19. 
=4,b=3 23 
=5, у=-2 27 
=5,y=0-2 
6, 3 or 22, 5; 
a=1,b=-2 7. 
white 2 oz, brown 3} 07 
2p X 15, 5p x 25 14. 
17. 
3 20. 
walks 4 m/s, runs 5 m/s 
wind 43 knots, submarine 
у=х + 3х + 4 30. 
· x(x — 6) 3. 
. 2y(3y — 2) 7 
3x(5 — 3x) 11 
у(х? + у? + 22) 15 
та+2Ь + m) 19 
ab(a* + 2b) 23 
х?у(х + y) 27 
ах(у-22) 31 
(а + b)(y + г) 3 
(a+ b)(h — k) 7. 
(x + y)(s — t) 1 
(A — b)(x — y) 15 
(2a + Ь)(х + y) 19 
(2a — b)(x — y) 23 
(x + 3)(x + 4) 3. 
· (у + 5)(y + 7) 7. 
(a + 2)(a — 5) 11 
(x + 3)(x — 8) 15 
(a*2)(a—3) _ 19 
. (y - D(y + 1) 23 
(x — 15)(x – 11) 27 
(x — 4)(x + 4) 
(2x + 1)(x + 3) 3. 
(2x + S)(x + 1) 7. 
(3x + 4)(x — 7) 11. 
(y - 2)(3у – 5) 15. 


жж кк «~ 


=1,у= 5 
=2, у = 3 
=2, у= | 
= –23, у = – 78 
=> уж –2 

4, 10 

m = 1р, и = 3р 


10р x 14, 50p x 7 
current 4 nvs, kipper 
boy 10, mouse 3 


20; knots 
yzx*-2x-3 


x(7 — x) 


. 3x(x — 7) 

. 7y(8 — Зу) 

. ab(3a + 2b) 

. 2k(x + Зу 22) 
. bc(a — 3b) 

. 2ху(Зу — 2x) 

. 2ab(x + b + a) 


‚ (x t y)y6(b + c) 


(a + b)(x — у) 


· (a- b) (x – у) 

. (т – п)(а – b) 

. (ст + п)(А — К) 
. Q2 + y)(a + b) 


(х + 3)(х + 5) 
(у + 3)(у + 8) 


. (а+3)(а- 4) 
. (x 2)(х – 4) 
. (а+5)(а +9) 
· у-7)0 +4) 
· (у + 12)(у – 9) 


(3x + 1)(x + 2) 
(3x + 1)(x – 2) 
(2x + 1)(3x + 2) 
(4y – 3)(y - 5) 


8. 
11. 
15. 
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|» > 
Nee 
| ~ gu | 
pè цөмд 


onl | кә 


A 


жжккк 
“е 


tn Go 
= 


= 
~ 


il 
wita 


. а=2,с=7 


ТУ £200, video £450 
120 m, 240 m 
20 


10 m/s 


21. 
24. 
27. 


12. 
16. 
20. 
24. 
28. 
32. 


12. 
16. 
20. 


12. 
16. 


4,7 
£1 х 15, #5 Х 5 


a=1,b=2,c=5 


. y(y + 8) 
. 2a(8 — a) 


x(a + b + 2c) 
xy(x + y) 

a(x? + y + 2b) 
ae(2a — 5e) 
3ab(b* — a?) 
ух(а + x? – 2ух) 


‚ (x - y)(A +) 
‚ (m n)(a — b) 


(x — yy s- 0) 
(x — z)(k — m) 
(m — n)2h + 3k) 


‚ (т— п)( + 212) 


‚ (х+3)(х+7) 


‚ (у+5)(у + 5) 
. (z* 3)(2 -2) 


(у — 2)(y – 3) 


| (5 + 3)(6 — 7) 
· х-5)а + 4) 
‚ х-7)а+ 7) 


. (2x + 3)(x + 4) 
. (2х + 5)(x – 3) 


(Зх + 2)(4х + 5) 
(2y + 3)(3y — 1) 
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Answers Part 2 


17. (2x — 5)(3x — 6) 
21. (6x + 5)(2x — 1) 
25. (x + 3)(15x — 1) 
29. (3x — 1)(3x + 1) 


page40 Exercise 25 
1. (y — aY(y +a) 
5. (x 3)(х + 3) 
9. (2x — у)(2х + y) 


> fe- PeZ) 


2 
17. х(х— 1)(х +1) 
21. 


3x(2x — у)(2х + y) 


/ 
18. (Sx+2)(2x+1) 19 
22. (16х+ 3)(х+1) 23 


26. (8x + 1)(6x + 5) 
. (га – 3)(2a + 3) 


3 
7 
H 


· (m — пут + n) 
. (a — S)(a +5) 
10. (a — 2b)(a + 2b) 


14. (Зт-Зп)(Зт +3") 15 


18. a(a — b)(a + b) 19 
22. 2m(3m — 2n)(3m + 2n) 


. (6x 1)(х —3) 
. Qa – 1)(2a – 1) 
. (16x — 3)(4x + 1) 


‚ (x — 0(х+ 0 
. (х-3)а 3) 


. (Sx — 2y)(5x + 2y) 
. (4t — 55)(4! + 55) 


. х(2х — 1)(2х + 1) 


20. 
24. 
28. 


(4x + 1)(2x - 3) 
(x + 2)(12x — 7) 
(15x — 1)(8x + 5) 


-(У-1ХУ441) 
‚ <- 36 +) 
. (Зх — 4y)(3x + ду) 


. 2х(2х — у)(2х + y) 
« S(x - Sx +3) 


2 


-19 2x + 


10) 


24. 2a(5a — 3b)(5a + 3b) 25. Зу(2х — 2)(2х + 2) 26. 4ab(3a — b)(3a + b) 
27. 2a*(5a — 2b)(Sa + 2b) 28. 9xy(2x — 5у)(2х + Sy) 29. 161 30. 404 
31. 4400 32. 2421 33. 4329 34. 0:75 35. 4:8 36. —2469 37. 0-0761 
38. —10900 39. 53-6 40. 0-000005 
page41 Exercise 26 

1. —3, –4 2. -2,-5 3. 3, -5 4. 2, -3 S. 2.6 

6. -3,-7 7. 2,3 8. 5, —1 9. -7,2 10. -1,2 

11. $, –4 12. 14, —5 13. 3, 1! 14. 1,7 15. 8, –! 

16. 7,8 17. 2,4 18. 7, —9 19. -1,-1 20. 3,3 

21. —5, —5 22. 7,7 23. -1.3 24. -11,2 25. 13, -5 
26. -3,1 27. $, —2 28. 1,1 29. 2, –! 30. -1,3 
page 41 Exercise 27 

1. 0,3 2. 0, —7 3. 0,1 4. 0,1 5. 4, —4 

6. 7,-7 7.3,-3 8. 5, — 9. 0,-1) 10. 0, 13 

11. 0,5! 12. 1-4 13. 4, -1 14. 0,2 15. 0,5 

16. 0,6 17. 0, 11 18. 0, 11 19. 0,1 20. 0, 4 

21. 0,3 22. 1,-, 23. 14, - ij 24. 3, —3 25. 0, 23 

26. 1,-1 27. 0,: 28. 0,2 29. 1,-1 30. 0,: 
раве 42 Exercise 28 

1. -4,-5 2. -1,-3 3. -1,-3 4. 1,3 5. 2,1 

6. 3, 14 7. —0-63, —2-37  8.-027,-3-73 9. 0-72, 0-28 10. 6-70, 0-30 
11. 0-19, —2-69 12. 0-85, —1-18 13. 0-61, —3-28 14. —14, 4 15. —1},5 
16. 3:56, -0:56 17. 0-16, -3-16 18. -1,24 19. —i, – 20. 15, —1 
21. 2:28, 0:22 22. – 0:35, -5-65 23. -1,1 24. —0-58, 2-58 25. -2-69, 0-19 
26. 0:22, -1-55 27. —0:37, 5:37 28. —2, 15 29. –:, 1: 30. 15, —21 
31. —4, 1: 32. —3, 15 33. —2, 1 34. -31,1 35. -3,2 

36. —83, 11 

page 42 Exercise 29 

1. -3,2 2. —3, —7 3. -1,2 4. 1,4 5. —15, 5 

6. —0-39, 4:28 7. —0-16, 6-16 8. 3 9. 2, -H 10. —3, -1 
11. 0-66, — 22:66 12. -7,2 13. 1,7 14. -1,3 15. 0, 35 


Answers Part 2 
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16. –!, 1 17. –2:77, 1:27 18. —5,1 19. -1,2 20. 0,3 
21. (a) -1 (b) 0-6258 (c) 0-5961 (d) 0:2210 
page 43 Exercise 30 

1. 8, 11 2. 11,13 3. 12cm 4. 6 ст 5. x=11 
6. 10стх24 ст 7. 8km north, 15 km east 8. 12 eggs 9. 13 eggs 
10. 4 11. 2,5 12. Éh, 90 h, 10 kmh 13. 4 km/h 
14. 2 mph 15. 5 mph 6. 157 km 17. х= 2 18. х= 3 
19. 20. 9 ст ог 13 ст 
page 44 iiis Exercise 2A 

1. (a) -2: (b) 25 (с) 0,-5 (d) 2, -2 (e) —5, 2: 
2. (а) 4° (b) 18 (c) 2 

3. (а) Qx - y)Qx + y) (b) 2(x + 3x + 1) (c) (2- 3k)(3m + 2n) (а) (2х+ 1)(x - 3) 
4. (а) x23, y = –2 (b) m = 15, n = -3 (с) x=7,y =} (d) х= –1, у= —2 
5. (а) 8 (b) 140 (с) 29 (а) 42 (е) 6 (0-6 

6. (a) 2x —21 (b) (1- 2х)(2а – 36) (c) 23 

7. (a) 1 (b) 105 (c) 0, 3: (d) -3,-2 (е) 12 

8. (а) 2(2—4)(2 +4) (b) (х2 + Do? + 1) (с) (2x +3)(x + 4) 9. 7 

10. (а) с= 5, 4--2 (b) х= 2, у=-1 (с) x29, у= —14 (d) s=5,t= —3 
11. (a) 4, -3 (b) 2 (c) 3 (d) 0,5 

12. (a) 1-78, —0-28 (b) 1-62, -0:62 (c) 0-87, — 1-54 (d) 1-54, —4-54 
13. (a) x «9 (b) х= 10 

14. (a) 2 (b) — (c) 36 (d) 0 (e) 36 (f) 4 

15. speed = 5 mph 16. 8стх 6:5 ст 17. (a) -2, 4 (b) 16 (c) 6°19, 0-81 
18. -3,3 19. 8 20. x = 13 21. 21 22. 18 
23. 6cm 24. —4 
page 46 Examination Exercise 2B 

1. $1.50 2. (1) £(C+3A) (1) ТЕС+ nA 

3. (а) 2x; y-2 (b) 3р? + 5pq – 247 (c) (х— 5)(х + 4); ХК — 8)(К + 8) 

(d) 45 7 (e) х= 2-13, y= -11 

4. (i) 10; 14; 46 (1) s — 2w + 6 (iii) 206 (iv) 310 

5. (a) 3x (b) £500 (c) £1400 

6. (b) 58 (c) 48 (d) W=2R+4 (e) 44 

(f) 54 (g) Impossible 

7. (a) (i) 6х+ 12 ‚ (ii) 8 (b) -0-73, 2:73 

8. (1) 104 (iii) ‘29 square’ 

9. (a) -30; -30 (b) -8,3; 0, -5 

10. (ii) 45 mph 

11. (a) 30 (b) i (c) x = 25; 12 minutes 


12. (a) (i) x+4h 
(c) 24-03 


(ii) x(x + 4h) 
(d) 24 mm x 104 mm 


€) p -a 
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Answers Part 3 


5. 31 m? 
20 m? 10. 13m 

12 cm 15. 2500 

20. 1100 m 


9 cm? 


18-2 cm? 
30-4 m? 
14 m? 
52-0 cm? 
50.99 


3.07 ст? 5. 
62-4 m? 10. 
70-7 m? 15. 
14m? 20. 
10-7 cm 25. 
60*; 23-4 cm? 

360° 


a sin 
2 n 


(b) 28-3 cm? 
(b) 49-1 ст? 
(b) 38-5 cm? 
(b) 174 cm? 
(b) 412 cm? 
(b) 12-6 cm? 


9.33 cm 

(b) 6 

5305 

5-39 cm (М29) 
(b) 14-0 cm? 
20. Yes 


5. 14-2 mm 


11. 29 


PART 3 
Lud Exercise 1 
1. 10:2 п? 2. 22 ст? 3. 103 т? 4. 
6. 6000 ст? 7. 26 m? 8. 18cm? 9, 
11. 15 ст 12. 56m 13. 8m, 10m 14. 
16. 6 square units 17. 12 square units 18. 1849 
page51 Exercise 2 
1. 48-3 cm? 2. 28-4 cm? 3. 66-4 т? 4. 
6. 12.3 ст? 7. 2-78 ст? 8. 364m? 9. 
11. 44-9 ст? 12. 0:277 m? 13. 63 т? 14. 
16. 65-8 cm? 17. 18:1 ст? 18. 8-03 т? 19. 
21. 124 ст? 22. 69-8 m? 23. 57-1 ст? 24. 
26. 4:10 т 27. 4:85 т 28. 7:23 ст 29. 
30. 292 31. 110 cm? 32. (а) 260. (b) 
33. 18-7 cm 
page 53 Exercise 3 
1. (а) 31-4 ст (b) 78-5 cm? 2. (а) 18-8 cm 
3. (a) 51-4 cm (b) 157 cm? 4. (a) 26-6 cm 
5. (a) 26-3 cm (b) 33:3 cm? 6. (a) 25-0 ст 
7. (a) 35:7 ст (b) 21:5 cm? 8. (a) 50:3 ст 
9. (a) 22-0 cm (b) 10-5 cm? 10. (a) 75-4 cm 
11. (a) 25:1 ст (b) 25-1 cm? 12. (a) 18:8 cm 
page 54 Exercise 4 
1. 2:19 cm 2. 30-2 т 3. 2-65 km 4. 
6. 497000 km? 7. 21-5 cm? 8. (a) 40-8 т? 
9. 30; (a) 1508 ст? (b) 508 cm? 10. 
12. 970 13. (a) 80 (b) 7 14. 
15. (а) 33-0 ст (b) 70-9 cm? 16. (a) 98cm? 
17. 1:3:5 18. 796 m* 19. 57.5? 
21. 1:716 cm 


page 56 Exercise 5 


1. (а) 2-09 ст; 4:19 cm? 
(c) 8-20 cm; 8-20 cm? 


2. 31:9 cm? 3. 31:2 cm? 
4. (a) 7-07 cm? (b) 19:5 cm? 
5. (a) 85.9? (b) 57:39 

6. (a) 12cm (b) 30” 

8. (a) 30° (b) 10-5 cm 
10. (a) 10cm (b) 43-07 
11. (a) 6:14 cm (b) 27-6 m 


(b) 7:85 cm; 39-3 cm? 


(c) 6-25 cm 
7. (a) 3-98 cm 
9. (a) 18cm 


(c) 28-6 cm? 


(b) 74-9° 
(b) 38-2° 


12. 15-1 km? 


Answers Part 3 


page 58 Exercise 6 


. (a) 14-5 cm 

. (а) 5:08 cm? 

. (a) 60°, 9-06 cm? 
3cm 

. 130 cm?; 184 cm? 
. 0.313 2 

. 81:2 ст? 


о ЈА о 19 м 


ний. цай 


page 59 Exercise 7 


1. (a) 30 cm? 
(е) 754 ст? 

2. (a) 503 cm? 

3. 3.98 cm 

7. 9:77 ст 

1. 106 cm/s 

5. № 


ний md 


page 61 Exercise 8 


1. 20-9 cm? 

6. 4-19х3 cm? 
. 92:4 cm? 

. 2:43 cm 

. 106s 

. (a) 0:36 cm 
. 105 ст? 

. 74-5 ст? 

. (a) 167 
37. 943 cm? 


page 63 Exercise 9 


1. (a) 36л ст“ 
(e) 4007 m? 
(i) 0-0004z m? 
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(b) 72-6 cm? (c) 24-5 cm? (d) 48-1 cm? 
(b) 82-8 m? (с) 5:14 ст? 
(6) 106-3°, 11:2 ст? 
5. 3-97 ст 6. 13:5 cm?, 405 cm? 
8. 459 cm”, 651 cm? 9. 19-6 cm? 
11. (a) 8:37 cm (b) 54-5 cm (c) 10-4 cm 
(b) 168 cm? (c) 110 cm? (d) 94-5 cm? 
(f) 283 ст? 
(b) 760 m? (c) 12-5 cm? 
4. 6:37 cm 5. 1.89 ст 6. 5:37 ст 
8. 7:38 ст 9. 1273 ст 10. 4-24 litres 
12. 1570 ст“, 12:57 kg 13. 3:4 14. cubes by 77 cm? 
16. 1:19 cm 17. 53 times 18. 191 cm 
2. 524 cm? 3. 4189 cm? 4. 101 cm? 5. 268 ст? 
7. 0-004 19 m? 8. Эст? 9. 93.3 ст? 10. 48 ст? 
12. 262 cm? 13. 235 cm? 14. 415 cm? 15. 5m 
17. 23-9 cm 18. 6 cm 19. 3:72 cm 20. 1933 г 
22. (a) 125 (b) 2744 (с) 27 x 107 
(b) 0-427 cm 24. (a) 6:69 cm (b) 39-1 ст 
26. 1-05 cm? 27. 488 ст? 28. 4:19 cm? 29. 53-6 ст? 
31. 4:24 ст 32. 123 ст? 33. 54400 ст? 
(b) 8 ст (с) бст 35. 471 cm? 36. 2720 ст? 
38. 5050 cm? 
(b) 72п cm? (c) 607 cm? (d) 2.387 m? 
(f) 657 cm? (в) 1927 mm? (h) 10-27 cm? 


(|) 987 cm?, 147п ст? 


2. 1:64 cm 3. 2:12 cm 
5. (а) Зст (b)4cm (с) Зст 
6. 303 ст? 7. #1178 

10. 44-6 cm? 11. 675 cm? 
14. 20 cm, 10 cm 15. 71-7 cm? 


page65 Revision Exercise 3A 


1. (а) 14 cm? (b) 54 cm? 
2. (a) 56-5 т, 254 m? 

3. (a) 97 cm? (b) 8:1 

5. (a) 12:2 ст (b) 61:1 cm? 
6. (a) 11-2 cm (b) 10-3 cm 
7. 103-1? 8. 9-95 cm 
10. 8-06 cm 11. 99-5 cm? 
14. (а) 15-6 ст? (Ы) 93-5 ст? 
17. 5-14 ст? 18. 68р 


4. 3-46 ст 
(d) 0-2 т (e) 6 cm (f) 25cm (р) бст 
8. £3870 9. 94-0 cm? 
12. 1:62 x 10? years 13. 377 cm? 
16. 147 cm? 
(c) 50 cm? (d) 18 m? 
(b) 10-8 cm (c) 3-99 cm 
4. 3:43 ст“, 4-57 cm? 
(c) 44-7 cm? (d) 31:5 cm? (e) 13-2 cm? 
9. (a) 904 cm? (b) 5-76 cm 
12. 333 ст?, 201 ст? 13. 4 ст 
(с) 3741 cm? 15. 0:370 ст 16. 104 ст? 
19. 25 20. 20 ст? 
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page 66 Examination Exercise ЗВ 





1. (i) 154m? — (i) 42m? (iii) 3360 в 

2. (а) 197-9 cm? (5) 1357 mm? (c) 145 

3. (i) 5005 (ii) 9-42 х 108 km (iii) 29-87 km/s 

4. (а) 36° (b) 5-71 cm (с) 3:71 ст (d) 10-6 cm? (e) 106 cm? 

5. (a)(i) 306cm (ії) 7138 cm? (b) 28.6% 

6. (a)(i) 6:16 cm? (ii) 1:44 ст? (b) 851 cm? 

7. (i) 50cm (ii) іл x 10° cm? (iii) 1:8 

8. (а) S4-Scm? (Ы) 0:00754п | (с) 201h 

9. (1) 10cm (1) 8 (iii) 2:5 cm, 1:25 cm (iv) 4096 
10. (a)(i) 107 (ii) 127 (БИ турл” (ii) төрт (r + 12) 

(c)(i) 60 (ii) 30 

PART 4 
page 70 Exercise 1 

1. 95 2. 49? 3. 100° 4. 77° 5. 129° 6. 95° 

7. a=30° 8. е- 30°, f= 60° 9. 110° 10. x = 54? 11. a= 40? 
12. а = 36°, Б = 72°, c= 144°, d= 108° 13. 105° 14. а = 30°, Б = 120°, с = 150° 


15. х = 20°, у = 140° 


16. а = 120°, Б = 34°, с = 26° 17. а= 68°, b = 54° 


18. 25° 19. 44° 20. а = 30°, Б = 60°, с = 150°, а = 120° 

21. а= 10°, b = 80° 22. е= 71°, {= 21° 23. 1442 24. 70° 
25. 41°, 66° 26. 46°, 122° 27. 36° 

раге 71 Exercise 2 

1. а= 72, b = 108° 2. x = 60°, у= 120° 3. (2n — 4) x 90? 4. 110? 
S. 60° 6. 128? 7. 15 8. 12 
9. 9 10. 18 11. 12 12. 36° 
page 72 > Exercise 3 

1. а = 116, b = 64°, с = 64° 2. а = 64°, b = 40° 

3. х = 68° 4. а = 40°, Б = 134°, c= 134° 

5. т= 69°, у= 65° 6. / = 48°, и = 48°, у = 42° 

7. а = 118, b = 100°, c = 62° 8. а = 34°, b = 76°, с = 70°, а = 70° 


9. 72“, 108° 


page 73 Exercise 4 


1. 10 ст 2. 4-12 ст 
6. 5:66 ст 7. 6:63 ст 
11. 9-85 ст 12. 7:07 ст 
16. 6:34 т 17. 4:58 ст 


21. 5, 4, 3; 13, 12, 5; 25, 24, 7; 41, 40, 9; 61, 60, 11 


23. 9-49 cm 24. 18-5 km 


3. 4-24 cm 4. 9-90 cm 5. 8:72 cm 
8. 5cm 9, 17 cm 10. 4 cm 

13. 3-46 m 14. 40-3 km 15. 13-6 ст 
18. 84-9 km 19. 24 cm 20. 9-80 cm 


22. x = 4 m, 20:6 m 


Answers Part 4 


page 75 | Exercise 5 
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1. (a) 1,1 (b) 1,1 (c) 2,2 (d) 2,2 
(e) 4,4 (f) 0,2 (g) 5.5 (h) 0, 1 
(i) 1,1 (j) 0,2 (k) 0,2 () 0,2 
(m) ©, 00 (п) 0,4 


4. square 4, 4; rectangle 2, 2; parallelogram 0, 2; rhombus 2, 2; trapezium 0, 1; kite, 1, 1; equilateral 
triangle 3, 3; regular hexagon 6, 6 


5. 34, 56° 6. 35°, 35° 
10. 55°, 55° 11. 26°, 26°, 77° 
15. 60°, 15°, 75°, 135° 


page 77 Exercise 6 


1. а=2 ст, е= 3 ст 

4. т = 10 ст, а = 165 cm 

7. е=9 ст, f = 45 ст 
10. т = 51 ст, 2 = ст 1 
13. 2 ст, 6 ст 
15. (a) Yes (b) No 
18. 0:618; 1:618:1 


2. 
S. 
8. 
1. 


page 78 Exercise 7 
1. A and G; Band E 


page 80 Exercise 8 


1. 16cm? 2. 27 ст? 
7. 8 ст 8. 18 ст 
13. (а) 165 cm? (b) 103 ст? 
17. 24 cm? 18. (а) 14 ст 
20. 360 


page 82 Exercise 9 


1. 480 ст“ 2. 540 ст 

6. 11 ст“ 7. 16 ст“ 
11. 4-6 cm 12. 9 ст 
16. 106:3 ст? 17. 12cm 
20. xj ХУ 21. 54 Кр 
раге 85 Exercise 10 


1. а=27°, - 30° 
4. {= 40°, g = 55°, h = 55° 
7. 43° 

10. c — 46°, а = 44° 

13. 482 

16. а = 36°, x = 36? 


page 87 Exercise 11 


1. а= 94°, Б = 75° 
з, 3T 
9. 18° 


14. 
(с) Мо 


х =6 ст, у = 10 ст 


у= бст 


х = 134 ст, у= 9 ст 
y = 51 ст, и = 65 ст 


2. c= 101°, d = 84° 
6. 118 


10. 90° 


7. 72°, 108°, 80° 
12. 52°, 64°, 116° 


8. 40°, 30°, 110° 9. 
13. 70°, 40°, 110° 


116°, 32°, 58° 
14. 54°, 72°, 36° 


3. х = 12 ст, у = 8 ст 
6. x =4 ст, w= 1: ст 
9. т =6 ст, п = 6 ст 
2 


12. Мо 


16 m 
(d) Yes (e) Yes (f) No (g) No (h) Yes 
3. 111 ст? 4. 14: ст? 5. 128 ст? 6. 12 ст? 
9. 41 ст 10. 7: ст 11. 25 ст 12. бст 
14. (а) 25cm? (b) 21 ст? 15. 8 ст? 16. бст 
(b) 3 cm (c) 3:5 (d) 9:25 19. 150 
21. Less (for the same weight) 
= 3. 160 cm? 4. 4500 cm? 5. 81 cm? 
8. 85: cm? 9. 4 ст 10. 21 ст 
13. 6-6 cm 14. 41 ст 15. 168; ст? 
18. (а) 2:3 (b) 8:27 19. 8:125 
22. 240 cm? 23. 9; litres 24. 2812; ст? 
2. с= 20°, а = 45° 3. с = 58°, d = 41°, e = 30° 
5. а = 32°, ђ = 80°, с = 43° 6. x = 34°, уж 34°, z = 56° 
8. 92° 9. 42° 
11. е= 49°, ј = 41° 12. 2276, h = 52° 
^ 14, 32° 15. 22° 


3. х=92°, у = 116° 
7. е= 36°, f=72° 
11. 30° 


4. с = 60°, d= 45° 
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13. п = 58°, t= 64°, w= 45? 
15. а = 18°, с = 72? 
18. 8° 


16. 55° 


page 88 Exercise 12 


1. а = 18° 
4. f= 50°, g = 40? 


19. х=30°,у = 115? 


2. х=40°, y = 65°, z = 250 
5. һ= 70°, k = 40°, {= 40° 


14. а = 32°, b = 40°, с = 40° 
17. е= 41°, {= 41°, g = 41° 
20. x = 80°, z = 10° 


3. с= 30°, е= 15° 
6. т = 108°, п = 36 


7. x = 50“, у = 68? 8. а = 74°, b = 32° 9. е- 362 
10. k = 63°, т = 54° 11. К = 50°, m = 50°, n = 80°, р = 80° 
12. п = 16°, р = 46° 13. (а) 24° (b) 78? (c) 48° 
14. (a) p (b) 2p (c) 90 — 2p 15. x = 70°, у = 20°, 2 = 55? 
16. (b) 2a, 180 - За 19. 55°, 60°, 65° 20. (a) 64° (b) 180 — 2x 
page91 Exercise 13 
2. 3 3. 4 4. 10 cm 
page 91 Exercise 14 
1, 93? 2. 362 7. 7-8 ст 
8. (a) 7-2 ст (b) 5:2 cm (c) 12:2 cm (d) 8-2 cm 
10. 5-0 cm 13. 10:4 cm 14. 3-5 cm 15. 6-6 cm 
16. 4-9 cm, 7:75 ст 
page93 Exercise 16 
1. (a), (b), (d) 2. (а) а=4 ст, x 24cm, у = 6 ст (b) 240 cm? 
3. (а) а = 10 ст, b =6 ст, c = 10 ст, d = 10 ст (b) 64 ст” 
4. (a) 168 mm? (b) 16800 mm? 
5. а= V2, b = V2, c= М3, х= V2, уж V3 
page94 Revision Exercise 4A 
2. 80? 3. (a) 30* (b) 222° (c) 12 
4. (а) 40° (b) 100° 5. 4-12 cm 
6. (i) 3cm (ii) 5-66 cm 7. (c) 24 ст 8. (b) 6cm 
9. 35 ст, 1$ ст 10. 6 ст 11. (с) 51 ст 12. 250 ст? 
13. (а) 3; ст (b) 1620 cm? 14. (а) 1 m? (b) 1000 cm? 
15. (a) 50° (b) 128° (c) с= 50°, 4 = 40° (d) х= 10°, у= 40? 
16. (а) 55° (b) 45° 17. (b) 3-6 cm 
page 96 Examination Exercise 4B 
1. (a) 23? (b) 23° 
2. (a) 12 (b) (i) EF (п) DE (iii) A, E (c) (i) 10cm (и) 10V2 ст 
3. 47° 5. (b) (i) 94 cm? (ii) 376 cm? (c) Depends on net 
6. (а) 60° (b) 30 (c) 15? 
7. 1:125 m 8. 348-8 cm? 
9. (а) 4 ст (Ь) 864 ст? (с) 3888 ст? (d) 1728 cm? 


10. (а) V(2x + 1) 
12. (i) 112m 


(b) 41, 40, 9; 61, 60, 11 
(11) 49 m 
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PART 5 
page 98 Exercise 1 
1.3 2. 
X 
6. =— 7. 
2y 
11. a 12. 
4 + 5а 
16. 5 | 17. 
21. +27 22. 
Зху 
page 99 Exercise 2 
х+2 
1. 7-3 2. 
х+5 
6. 205 7. 
11. 12x + 1 
16. 5 +2 
` xX 
page 99 Exercise 3 
1.2 2 
4 
6. 7x 7. 
5x 
11. 6 12. 
16. 5 17. 
Ох + 13 
21. 0 22. 
7x — 8 
26. x(x —2) 27. 


page 100 = Exercise 4 


1. 21 2 
4 
6. — 7. 
y 
R+T 
11-36 12. 
16. Т-А 17. 
21. T- N? 22. 
26. E- A 27. 


~ 201-4 


RIN 











12; = 


]—2x 
12 
вх +9 


(x - 2)(х +3) 





13. 





16: -———— 


23. == == 


13. 


13. 


18. 


23. 


~ 


13. 
18. 


28. 








Б сода s јео 


сэ 
— 
— 


P 8 


= 
л 


4х +11 


(x + 1)(x +2) 


|o ъс 


AA 
| 

бэ 
~ 





> 
| | > 
wre 
N 


14. 


19. 


24. 


14. 


14. 


19. 


24. 


29. 


14. 
19. 


29. 














миь 


23x 
20 


5x +2 


—3x — 12 
14 
—3х — 17 


(x + 3)(x — 1) 





A+B+D 


10. 
15. 


20. 


10. 


1S. 


10. 
15. 
20. 
25. 


30. 


10. 


15. 
20. 


30. 





~ 
+ 
о) 





x+2 
-1 
+1 


QE 


3x 


| 


ел 


23 
20x 
7x +2 
12 
3x + 1 
x(x + 1) 
11-х 
(x + 1)(х - 2) 





| х 
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31. L+B 32. NAT 33. 2 34. 4i 35, МЕ 
36, LP зт. £7 E зв. ПЕЕ 39, 1+2 40. 225 
5 оре 2 ЭР 
41. g-m 42. "кет 43. $ | n 44. ! =s 45. rd 
46. +$ ат. 4 в. ЕО 49, 1-6 50. 2 
51, 22 52, AB 53. “OE 54, “ИП ss, 24 04 
56. = 57, 2+4 вв. 2—3! зо, 5 Уа бо, Ети 
page 101 Exercise 5 
1. 12 2. 10 3. BD 4. TB 5. RN 
6. bm 7. 26 8. BT+A 9. AN -D 10. ВМ— О 
1. ре +" 12. 4 13. DC B 14, 1-7 15. m: 
16. 2-7 17. бет js, 4E D 19. mt 20. x" 
21. 4 22. -2 23. 2 24. A- B 25. C- E 
26. Р-Н 27. п-т 28. 4-! 29. 5-5 30. r—v 
31. m-t 32. 2 зз. [B за. М- 35. РТ 
= 2 _ -2 = 
36, МЕ 37, = ag, wt 3. "= 40. ! 
г n q 
2 25 22 2 _ 
41. — 42. H -2E 43. о-в 44. h гэн 45. — 
= 22 2 2.2 
46. МГ МВ 47. AO е ав. ТМ ВЕ 49. Ж. E so, Em Lx 
page 101 Exercise 6 
B T M 
1 2 Ёл 28. 22 
1. ! 2. 12 з. 2 4. 7 5. 5 
п У п 7 В 
6. m 7. t 8, sin 20? P cos 30? ш x 
п. 6 12. АР 13. НИ 14. £! 15. 25 
16. "2 17. 13 18. 3! 19, 2-06 29, + ТС 
у+ TD L N m tc - b 
n. + 22. Б 23. 26 24. т 25, E- 
26. 22 27. 1 28. 3 29. =2— 3. = 
r b m b d 
31. 7. э. = 33. ст. за. 15 35. са 
m n M — Ма Y + Tc 
36 "EN 37. Bl 38. 22 39. N 40. T 











Answers Part 5 
N —2MP 
41. 5-5 42. 
46. —4— 
w-—t 
page 102 Exercise 7 
1. 4 2. 
6. Н?+Е 7. 
1. d-t? 12. 
M-P 
16. N 
21. +VB 22. 
26. *+У(4-п) 27. 
31. +V(a-n) 32. 
36. 8 37. 
41. tV(a* — 1?) 42. 
2 2 
46. = (ŻE) am. 
page 103 Exercise 8 
1. 35 2 
etc 
6. m + n 7. 
аа 12. 
х-1 
2 
16. 2-5 2 17. 
-m 
d 
No 22. 


26. 2+0) 27. 


page 103 Exercise 9 





1. -225 2. 
а 

6. 4 7 

"ec 

t?e — ba 

H. «i ) 12. 
а? — b 

16. — 17. 

21. M 22. 


E 


B — бАс 
6A 





17: рана 


е 

















43. 


13. 


18. 


33. 


38. 


43. 


48. 


13. 


18. 


23. 


13. 


18. 


23. 


(C— B)M 




















14. 
19. 


29. 


39. 


49. 


14. 


НИЕ Am 
` у(у + г) 











19.--- — 


29. c3 


14. 


19. 





149 


Ата 


+V(x* — b?) 


| + x? 
1-х 


. (8-e} -f 


45. 


10. 
15. 
20. 


30. 
35. 


45. 


50 


, 


10. 


15. 
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.12-С 


b—r? 


c-g 


. £V(C — m) 


ег 


+«М(2 — m) 


.a-b 


E 
E Це +5) 


2b 








"4-4 


nb — та 








JU. e 


10. 


15. 


20. 
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page 104 = Exercise 10 


1. (а) 5 = Ке (b) v2 kt 
(f) C=kr (в) A = kr? 

2. (a) 9 (b) 23 

4. (a) 75 (b) 4 


5х 1 3 4 5 
z| 4 12 16 22 


“ЭН 2 4 В 
Vi 4 32 256 13 


(c) x= kz? 
(h) V=kr 
3. (a) 35 


prh 


8. (a) 18 (b) 2 9. (a) 42 
11. 180 т; 25 12. 675 1; Міст 13. 4 ст; 49h 
16. 15*:1 (50625 : 1) 
page 105 Exercise 11 
-k 25 245. 

1. (a) x= y (b) за (c) t Va 
2. (a) 1 (b) 4 3. (a) 24 
4. (a) 36 (b) 54 5. (a) 1:2 
6. (a) 16 (b) +10 7. (а) 6 
8. (a) 5 (b) 50 
9. у|2 4 1 | g 10 

218 4 16 64 v}25 4 i 1 
12. (а) 6 (b) 50 13. (а) 0-36 (Ы) 6 
15. k=12,n=2 


цагт 
yli26 2 = 


page 107 = Exercise 12 


1. 34 2. 42 x 53 
6. 272 х 3-3 7. 15! 
1. x? 12. y"? 
16. e^? 17. y? 
21. 1 22. w^? 
26. К? 27. 1 
31. z^ 32. (* 
36. 10y? 37. 1543 
41. ѓу 42. 32а“ 
46. ѓу? 47. 1 
page 108 Exercise 13 

1. 27 2. 1 

6. 4 7. 9 

11. 5 12. 3 

16. 8 17. 32 

21. 18 22. 10 
26. 1 27. M 

31. 4 32. 100000 


16. 2-5 m^; 200 N/m? 
18. 2 days; 200 days 


(d) у = kVx (е) T-kVL 
(b) 11 
7. h | 4925 2 
wl6 9 15 4 
(b) 4 10. 333 N/cm? 
14. 1528 15. 9000 N; 25 m/s 
k k 
(d) т (е) 2532 
(b) 5 
(b) +2 
(b) 16 
"d 1 4 256 36 
г112 6 1 2 
14 К 2100, n 23 
x| 1 2 4 10 


2 | 100 12: 155625 


17. 3h; 48 men 
19. бст 
4. 2? r7 5. 
9. 10' 10. 
14, 2179 15. 
19. y 20. 
24. х” 25. 
29. y? 30 
34. 16у10 35 
39. 3 40 
44. 427° 45 
49. 2n" 50. 
4. 25 5 
9. 27 10. 
14. 1 15. 
19. 1 20. 
24. i 25. 
29. + 30. 
34. 4 35. 


• 
> бїх Col .е U0) КО 


L 
10 


© 


вен Ч 


Answers Part 5 


36. 0:2 37. 1-5 
41. = 42. 64 
46. 1 47. 100 
page 108 Exercise 14 
1. 25x* 2. 49y° 
ES 2 
6. ду 7. x 
11. 36x* 12. 25y 
16. 1 17. 49 
Зх 2 
21. 2 22. а 
26. 3x° 27.хуг 
31. 10х7у” 32. 32x? 
36. a) b?cé 37. (a) 2 
38. (а) 377 (b) 374 
40. 1 41. 2 
45. 1 46. 3 
50. 1 51. 3 
55. 3 56. 3 
60. -4 61. 2 
65. (а) 3-60 (b) 5:44 
page 109 Exercise 15 
1. (a) 2:828 (b) 4:243 
2. (a) 2-080 (b) 3-037 
3. (a) 2-036 (b) 3-041 
4. 4.85 5. 3-28 


page 110 Exercise 16 
1. (а) 24, 12, 42, 18, 60, 24, 78 


38. 1 39. 9 
43. i; 44. 13 
48. 6 49. 750 
3. 1004262 4. 4х2у! 
x? 
8. 5 9. 1 
13. 16х? 14. 27у 
18. 1 19. 8хёу? 
23. х?у? 24. 12х3у2 
28. х 29. Зу 
33. 3x? 34. 2 
(b) 27 (с) 29 
(с) 3: (d) 37? 
42. 1 43. 16; 
47. 1% 48. 0 
52. 4 53. —1 
57. 1 58. 1 
62. —5 63. 1 
(c) 6-245 (d) 2-762 (e) 10-54 
(c) 4-121 (d) 0-9872 (e) 10-16 
(c) 10-28 (d) 1-933 
6. 0-076923 7. 9-472 


(b) 54, 62, 7, 38, 42, 46, 50 


page lll Exercise 17 
1. < 2. > 3. > 
6. < 7. = 8. > 
11. < 12. > 13. > 
16. Е 17. Е 18. T 
21. T 22. Т 23. Е 
26. x « -1 27. х< 12 28. x «25 
31. x «1 32. x2 —3 33. x « —8 
36. x «8 37. x 23 38. х = 1 
раре 112 Exercise 18 
1. x >5 2. x =3 3 
5. х<1 6. x « -3 7 
9. x 22 10. x< —3 11 
13. 1x «6 14. 0x «5 15 
17. -4<х<4 18. x « -1 19 


4. - 

9, < 

14. > 

19. F 

24. F 

29. x>3 

34. x < 4 

39. x «1 
„х>6 
. х>0 8 
· 1<х<4 12 
‚ —-1xxx7 16 
.xz3jorxs« —3 20 
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40. 15 
45. та 
50. 


(f) 20:32 


8. 1:781 


. x24 
‚х>4 

‚ —2=Х=5 
. —2<x <2 
-0«х«4 


288 


Answers Part 5 


21. 5<xs9 
25. -8<x<2 


29. (4,9, 16, 25, 36, 49) 30. 


33. (1,4, 9) 

37. x =7 

41. 3 (ог other values) 
45. 19 


page 113 Exercise 19 


1. x x3 
5. yzx 


22. -1<x<4 

26. (1,2, 3,4, 5, 6) 
(5, 10) 

34. (2,3, 5, 7, 11} 
38. y=5 

42. 1,2,3, ... 14 
47. 17 


2. у= 25 
6. x - y «10 


8. х>0,узх-1,х+у<? 
28. (a) maximum value = 26 at (6, 5) 
29. (a) maximum value - 25 at (8, 3) 
30. (a) maximum value = 40 at (20, 0) 


page 114 Revision Exercise 5A 








23. 1x x «6 

27. (7,11, 13, 17, 19) 
31. (-4,-3,-2,-1) 
35. (2,4,6, ... 18) 
39. 4<2< 5 

43. 19 


3. 1=х=6 


7. х<в,у>-2, y <x 


24. 1<х<8 

28. (2, 4, 6, 8, 10} 
32. {2,3,4,... 12) 
36. n=5 

40. 4<р<5 

44. 5 (or other values) 


4. x « 7,y «5 


9. y=0,ysx+2,x+y<6 

(b) minimum value < 12 at (3, 3) 
(b) minimum value - 9 at (7, 2) 

(b) maximum value = 112 at (14, 8) 





9x 7 5x —2 5х + 23 
1. (а) 20 (b) ex (с) == (9) 6— тух +3) 
3 
2. (а) х-2)(х+2) (6) E 2 " | 
3. (a) << (7 +3) (b) ++ (с) == 
2 

4. (а) г=х-5у | (bm-gi3 © z=% 

5. (a) 50 (b) 50 6. (a) 16 (b) +4 

7. (a) (i) 3 (ii) 4 (iii) 1 (b) (4 (о 

2 

8. (а) 9, 10 (b) 2,3, 4,5 9, 12-5 10. 2+2 

11. (a) 5 (b) 13. (a) 12 (b) 0-09 
2 2 
14. 21 15. (a) 225 (b) arr (с) £3 
— 0 2 

16. (а) э; Ы) 2224 © гау 19522 
18. x 2-19 (to 3 S.F.) 19. у=2,х +у<6, у= 3х 
20. х>0,у=х—2,х фу <7 22. (а) 512 (b)6h (с) 221 
page 116 Examination Exercise 5B 
1. (a) 3 (b) ын, 2. 
3. (а) h -24 (b) (i) х>2 (1) x « 6 (iii) 2, 3, 4, 5 (c) 6,7 
4. (i) 4 (ii) 3 
s. (i) -! (ii) 4 (i) 4 v) х= 3 
6. (a) х-2 (b х-2-4- (c) 2-333333; 2-428571 (d) 2-41 


Answers Part 6 


7. (а) 4,49, 484 (b) 4-472136 


8. (a) 0, 1, 3, 6, 10 (b) 1,2,3,4 (c) Xn — Ти; n (e) 99 
9. (i) (a) 1-008 m? (b) V2 2x?(2x + 0-2) 
(ii) (a) 0-594444; 0-607485; 0-577436 (6) 0.59761; 0:59863; 0.59819 (с) 0-598 

PART 6 
page 120 Exercise 2 

1. 4-54 2. 3-50 3. 3:71 4. 6:62 

6. 31:9 7. 45-4 8. 4-34 9. 17-1 

11. 38-1 12. 3-15 13. 516 14. 79-1 

16. 2-56 17. 18.3 18. 8-65 19. 11-9 

21. 119 22. 10-1 i 23. 3-36 cm 24. 4-05 ст 
26. 11:7 cm 27. 9:48 cm 28. 5-74 cm 29. 9-53 cm 
31. 56-7 т 32. 16:3 ст 33. 0:952 ст 34. 8.27 т 
page 121 Exercise 3 

1. 5,5-55 2. 13:1, 27.8 3. 34-6, 41:3 4. 20-4, 11:7 
6. 15-2, 10, 6:43 7. 4-26 8. 3-50 9. 26:2 

11. (а) 17:4 cm (b) 11:5 cm (c) 26-5 cm 

12. (a) 6-82 cm (b) 6:01 cm (c) 7-31 cm 
page 122 Exercise 4 

1. 36.9* 2. 44.49 3. 48.2? 4. 60* 

6. 50-2? 7. 29-0? 8. 56-4 9. 38.92 

11. 41:8" 12. 39-32 13. 60-3° 14. 50-5* 

16. 34-8? 17. 60-0? 18. 42-07 19. 36-9* 

21. 19-6" 22. 17:99 23, 32:5" 24. 59.62 

26. 46-37 
раве 124 Exercise 5 

1. 19-5? 2. 41m 3. (a) 26-0 km (b) 23-4 km 
4. (a) 88:6 km (b) 179-3 km 5. 4-1 m 6. 8: 6m 

7. (a) 484 km (b) 858 km (с) 986 km, 060:6 8. 954 km, 133? 
10. 35-5? 11. 71-6? 12. 91.8? 13. 180m 

15. 10-3 cm 16. 9-51 cm 17. 71:1? 18. 67-1 т 
20. 83-2 km 21. 60° 22. 13-9 ст 23. Уез 

24. 11-1 т; 11-1 s; 222 т 25. 44m 26. 3-13 m 
page 125 Exercise 6 

1. 97.3 т 2. 88.7 n miles 3. 103 km 

4. 99 km; 0237? 5. 9180 km/h; 255? 6. 11 km 
page 126 Exercise 7 

1. (a) 13cm (b) 13-6 cm (c) 17-1? 

2. (а) 4:04 т (b) 38-9? (с) 11:2 m (d) 19:99 

3. (a) 8:49 cm (b) 8:49 cm (c) 10-4 cm (d) 35-39 
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5. 8.01 
10. 13-2 
15. 5-84 
20. 10-6 
25. 4:10 cm 
30. 100 m 


5. 94-1, 94-1 
10. 8-82 


5. 36-9" 
10. 43-09 
15. 13.6" 
20. 51.3 
25. 54-8" 


9, 56.3? 
14. 36-4? 
19. 138m 


27. 25-6 cm 


(e) 35-3 
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4. (a) 10m (b) 7:81 m (c) 9-43 m (d) 70-2? 
5. (a) 14:1 ст (b) 18-7 ст (c) 69-3? (d) 29-0? (e) 41-4 
6. (a) 4:47 т (b) 7-48 m (c) 63-4? (d) 74.5? (e) 53-3? 
7. 10-8 ст; 21:87 

8. (a) h tan 65° (b) А tan 57° (c) 22-7 m 

9. 22:6 т 10. 55:0 m 11. 7-26 т 12. 43-37 
page 128 Exercise 8 

1. 6:38m 2. 12.5 m 3. 5-17 cm 4. 40:4 cm 5. 7:81 m, 7:10 m 
6. 3-55 т, 6-68 т 7. 8-61 cm 8. 9-97 ст 9. 8-52 ст 10. 15-2 ст 
11. 35:8 12. 42-9° 13. 32.3 14. 37-87 15. 35-57, 48-5? 
16. 68-87, 80-07 17. 64.6" 18. 34-2? 19. 50-6" 20. 39-1° 
21. 39-59 22. 21.6? 
page 130 Exercise 9 

1. 6-24 2. 6:05 3. 5:47 4. 9:27 5. 10-1 
6. 8-99 7. 5.87 8. 4-24 9. 11.9 10. 154 
11, 25:2? 12. 78:5? 13. 115-0° 14. 111.1° 15. 24-0° 
16. 92.5° 17. 99-9° 18. 38-2° 19. 137.8° 20. 34-07 
21. 60-2° 22. 8-72 23. 1-40 24. 7-38 
page 131 Exercise 10 

1. 6-0 ст 2. 10-8 m 3. 35-6 km 4. 25-2m 5. 38-67, 48-57, 92.9? 

6. 40-4 m 7. 9-8 km; 085-7? 8. (а) 29-6 Кт (b) 050.5° 

9. (а) 10:8 т (b) 72-6° (с) 32.62 

10. 378 Кт, 048-4° 11. (a) 62:2° (b) 2:33 km 

12. 9-64 т 13. 8-6° 

17. (a) 17:5, 162:5° (b) 41-57, 318-5° (с) 68°, 248° 

page 132 Revision Exercise 6A 

1. (a) 45:62 (b) 58-0* (c) 3-89 cm (а) 33-8 m 

2. (a) 1:75 (b) 60-39 3. (a) 12-7 cm (b) 5-92 cm (c) 36-1? 
4. 5-39 cm 5. (a) 220° (b) 295? 

6. 0-335 m 7. (a) 6-61 cm (b) 12-8 cm (c) 5-67 cm 
8. (a) 86:9 cm (b) 53-6 cm (c) 133 cm 9. 52:4 т 

10. (а) 14-1 ст (b) 35:32 (с) 35:3° 

11. (а) 6:63 ст (b) 41:8 12. (а) 11:3 cm (b) 8:25 ст (с) 55-6° 
13. 45.2 Кт, 33.6 Кт 14. 73:4? 15. 8:76 т, 9-99 т 

16. 0:539 17. 4:12 ст, 9-93 cm 18. 26-4° 

page 134 Examination Exercise 6B 

1. (i) 42:1? (ii) 6-02 

2. (a) 36m (b) 27 m (c) 14m (d) 480 m? 

3. (i) 51? (ii) 20-8 cm 

4. (a) 5-2 km (b) 3 km (c) 3-10 

5. (b) 4:60 km (c) 1-95 km (d) Semi-circle with AB as diameter 

(e) 037° 

6. (i) 59:1 ст (1) 49-8? 

7. (a) 99 km (b) 15, 075 (d) (1) 16-4 km (ii) 79-6 km 

8. (ii) 124 km (iii) 024* 
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9. (a) 170m (b) 51:3°; 41.5? 

10. (b) 174 cm (с) No. Only 95:5 ст 

11. (a) 32:5 т (c) (i) 25:38 т (ii) 24° 

12. (a) 23-6 m (b) 249 m (c) 318m (d) 2-83 hectares 
PART 7 





page 138 Exercise 1 


11. (0, 0), (1, 4), (1-6, 1-6) 12. (0, 1), (24, 1), (4, 10) 

13. (-2, —6), (1-25, 3-75), (4-5, 0-5) 14. (—1:5, 1-5)(0-67, 8), (3:5, 8), (3-5, -3-5) 
15. (4, —2), (0:33, 5-33), (—2-28, -5:14) 16. (—2, 3), (0-6, 8-2), (2-5, 2-5), (1:33, 1:33) 
17. (a) £560 (b) 2400 miles 18. (a) 1:53 kg (b) 71h 

19. (a) £188 (b) 158km/h (с) £210 20. (a) #4315 (b) 26000 miles (c) £380 


page 139 Exercise 2 


1. 13 2.2 3. 3 4. 1: 5. i 

6. —i 7. -7 |. 8.-1 9. 4 10. —4 
11. 5 12. -13 13. 6 14. 0 15. 0 
16. infinite 17. infinite 18. —8 19. 5: 20. 0 
21. 2-4 22. 1+5 23. 2/ 24. —4 25. 0 

а-с т-а а 
6d | М : 
26. два 27. (a) - 1 (b) 55 (c) « 
28. (a) infinite (b) -4 (с) = 29. 3: 
п+4 — EN 

30. (a) 2m —3 (b) л= —4 (c) т = 15 
page 140 Exercise 3 

1. 1,3 2. 1, -2 3. 2,1 4. 2, —5 5. 3,4 
6. 5,6 7. 3, -2 8. 2,0 9. +. —4 10. —1,3 
11. —2, 6 12. -1,2 13. -2,3 14. —3, -4 15. 5,3 
16. —3, 3 17. 4, —5 18. 15, —4 19. 10,0 20. 0,4 
page 140 Exercise 4 

1. y 23x + 7 2. y 22x - 9 3. у=—х + 5 4. у=2х—1 
5. у=3х +5 6. у=—х + 7 7. у= јх - 3 8. y 22x - 3 
9. у=3х— 11 10. уж-х+5 11. y2x —4 
page 141 | Exercise 5 

1. 44 2. 4:2km 4. т=2.с=3 5. n= –2:5, К = 15 
6. т= 0:2, c 23 
page 143 Exercise 7 

1. (a) 4 (b) 8 (c) 10-6 

2. (a) 3 (b) —5 (c) 1-5 

3. (a) 7-25 (b) —2 (с) -0:8, 3-8 15. (а) 0-75 (Ь) 1:23 


16. (а) 3-13 (Ь) 3-35 17. (а) -2-45 (Ь) 1:4 
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18. (a) 5 
20. (a) 245 


(b) 10-1 
(b) 41 


раве 144 Exercise 8 
1. (a) 10-7 cm? 


· (e) square 

2. 15 тх 30m 3. (а) 2:55 
4. (а) 108 m/s (b) 1:45 
1. (а) 1 (6) 2.7 


page 145 Exercise 9 


(b) 1-7 cem X 5-3 cm 


(c) -1:25 
(с) 25 <х< 67 


(с) 12-25 cm? 


(d) 3:5 cm X 3-5 cm 


(b) 31:3 m (c) 2<1<3 
(с) 2:3«:1« 3:6 6. 3-3 
12. (а) 0, 2-9 (b) —0-65, 1-35, 5:3 


1. (a) 180 (b) C=0-2x + 35 
2. (a) 6 gallons (b) 40 mpg; 30 mpg (c) 33! mpg; 55 gallons 
3. (a) 2000 (b) 270 (c) 16<x<2-4 
4. (a) Yes (b) No (c) About £250 — £270 
page 147 Exercise 10 
1. | (а) -0:4,2:4 (b) —0-8, 3-8 (c) -1,3 (d) —0:4, 2-4 
2. —0-3, 3-3 3. 0:6, 3:4 4. 0:3, 3.7 
5. (а) у=3 (b) у=-2 (с) у=х+4 (9) у=х (е) у-6 
6. (a) y=6 (b) y=0 (c) y=4 (d) y=2x (e) y=2x +4 
7. (а) у=—4 (уу=2х (с) у=х—2 (d) у=-3 (е) y=2 
8. (a) y=5 (b) y= ax (с) у= 02 (d) у<3-х (e) у=3 
9. (а) у= 0 (b) у= -23 (с) y= -& (d) у= -3 (е) у=—5;х 
10. (a) —1:65, 3:65 (b) —1-3, 2:3 (c) —1:45, 3-45 
11. (а) 1-7, 5:3 (b) 0:2, 4-8 12. (а) —3:3, 0:3 (b) —4.6, -0:4 
13. (a) —2:35, 0:85 (b) -2:8, 1-8 14. (a) (1) —0:4, 2-4 (ii) —0-5,2 (b) —1:25 «x « 2-75 
15. (a) 3:35 (b) 2-4, 7-6 (с) 4-25 16. (а) +3-74 (с) +2.83 
17. (а) 1-75 (6) 0, 51:4. 18. (а) 16<х<7:4 (b) 6:9 
19. (a) 40°, 140° (b) 30°, 150° 
20. (a) (i) 16°, 111° (ii) 153° (b) 2:24 (c) 63° 
21. (a) 2.6 (b) 0:45 (с) 0-64 (d) 5:66 
22. (а) - 1:62, 0-62 (b) —3, 1 
23. (a) —0-77, 4 (b) 06<x<2°8 
page 150 Exercise 11 
1. 7-47 2. 13:4 3. 23:5 
4. (b) 38-5 (c) less 5. (a) 58 (b) greater 
page 151 Exercise 12 
1. (a) 45 min (b) 0915 (c) 60 km/h (d) 100 km/h (e) 57-1 km/h 
2. (а) 0915 (b) 64 km/h (c) 37-6 km/h (d) 47 km (e) 80 km/h 
3. (b) 1105 4. (b) 1242 5. (b) 1235 6. lh 7. lh 
8. (a) (i) B (ii) A (b) 8510 18s (c) About 15 $ 
(d) About 9 s (e) B (f) A 
page 153 Exercise 13 
_ 1. (a) 15 пи? (b) 675 m (с) 111 m/s 
2. (а) 600 т (b) 20 m/s (c) 225 m (d) -2 m/s? 
3. (a) 600m (b) 387; m (с) 0 m/s? 


Answers Part 7 


4. (a) 20 m/s (b) 750 m 
5. (a) 8s (b) 496 m (c) 12:4 m/s 
6. (a) 30 m/s (b) -21 m/s? (c) 205 
7. (a) 15 m/s (b) 21 m/s? 8. (a) 40 m/s 
9. (a) S0 m/s (b) 20s 10. (a) 20 m/s 
page 154 Exercise 14 
1. 225 т 2. 120 т 3. 1 Кт 
5. 605 6. 88 уагаѕ 7. 55 yards 
9. 500m 10. Yes. Stopping distance = 46:5 m 
11. 94375 m 12. (a) 0:75 m/s? (b) 680 m 
13. (a) 0:35 m/s? (b) 260 m 
page 156 | Revision Exercise 7A 
1. (а) у=х-7 (b) у=2х+5 (с) у= –2х + 10 (4) у= 522 
2. (a) 2 (b) 1 (c) –35 (d) 0 
3. (a) 2, –7 (b) —4,5 (c) 3,4 (d) —1,5 
(f) 5.8 
4. A:y 26; B:y six 3; С:у=10-х; D:y 3х 
5. A:4y = 3x — 16; B:2y 2x - 8; C:2y +х 8, D: Ду + 3x = 16 
6. (a) у=2х-3 (b)y=3x+4 (c) y 210—x (d) y 27 
7. (а) А (0, –8), (4,0) (b)2 (c) y 2x - 8 
8. 25 sq. units 9. -3 10. 219 
12. (а) y = àx (b) y 20 (c) y 2 11 - x (d) y = 5x 
13. (a) 1-56, —2-56 (b) +224 (c) +2-65 
14. (a) 0-84, 4:15 (b) 0-65<х<3-85 (с) 3-3 
15. (a) 9:2 (b) 0-6 (c) 1:4 (d) 1:65 
16. (a) 0-3 m/s? (b) 1050 m (c) 40s 
17. (a) 30 m/s (b) 600 m 


page 158 Examination Exercise 7B 
1. (ii) 3-75 2. (b) (i) —8-75 


.(d)x214,x232 4. (d) 1-41 + 0-02 


(ii) х=1,х 23:55 


6. (i) 10 m/s 

8. (b) 1125 am 

(c) 15 m/s 

(iii) More than 50 mph 


(c) Alcohol level = 170 — 10г, where t = number of hours after arrest 


5. (c) (1) 32 mpg (1) 53 mph 
7. (b) (i) —1-25 m/s? (и) 68m 
9. (а) 124-8 m (b) 10s 
10. (a) (ii) 275 feet (b) (ii) 40 mph 
11. (ii) 81:32 
12. (b) 100 (+ 2) 
(d) Between 6-30 and 8:30 on Sunday 
13. (b) (i) 44-58 (ii) 92:55 


49 
(с) -1800 





(e) 1:15 x «1:3(- 0-02) 
(ii) 6 m/s 
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(b) 10s 
(b) 20s 


4. 105 
8. 1:39 km 


(e) 10 
(e) —2, 12 


(d) 0, 274, 116 
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| 
| 


0 —3 
7: ] 0 
= = 


11. 


0 5) 
3 -6 
15 20 
-4 


9 
-1 
10 


=| 
=2 
23 


5 
2 


6 7 
5 0 
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28. (17) 
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з. | 


16 5) 


2 
=2 


8 
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page 164 
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49. (a) k 
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page 164 Exercise 3 
1. (150 160) 2. Team C, 34 points 
page 165 Exercise 4 
1 -1 ( 5 "mj 
аа 24:02: 4 
1/2 2 (2 A 
4 |“ 2 д 
9. (2 _ 10. no inverse 


у 
) 84457) 


13. ACT 5 7 
v.-(3 9 ав. (7) _) 
21. 7) 22. @ (1 79) 
5.0 7) 24. (3) 

27. (a) 42 (b) 14 


page 166 ^ Exercise 6 
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3. £60000 


y 443 
4 7 "(2 о 
и. 3) и. Ко 23) 
8-2) 1 GC 73) 
19. (2 3) 20. (3 74) 
© ilo 5) ФК 1) 
25. 4; 1; 15 26. х= —2 
(ii) (8, 6) 

(iii) (—8, 6) 

(iii) (—1, 1) 

(iii) y= —x (iv) y=2 


1. (c) (i) (-6:8) (0 (6, -4) 
2. (с) (i) (8, 8) (1) (8, —6) 
з. (с) (0 G.-D ii) (4.2) 
4. (b) (i) у=1 (i) у=х 
5. (f) (1, 21), (-3, -1),(-3, -3) 
6. (£) (8, -2), (6, —6), (8, —6) 


page 168 Exercise 8 


1. (a) А’(3, —1) B'(6, -1) C'(6, —3) 
(c) Р(-7, 4), Q'(-5, 74) R'(-5, —1) 
3. (с) (-2, 1), (22, - 1), (1, -2) 
5. (b) (i) 907 anticlockwise, centre (0. 0) 
(iii) 90? clockwise, centre (2, 0) 
(v) 90? anticlockwise, centre (6, 1) 
6. (e) (i) 180°, centre (5, 3) 


page 169 Exercise 9 


(b) D'(3, -3) E'(3, -6) F'(1, —6) 


4. (e) (—5, 2), (-5, 6), (-3, 5) 

(1) 180°, centre (2, 1) 

(iv) 180°, centre (31, 23) 

(vi) 90? clockwise, centre (1, 3) 

(ii) 90° anticlockwise, centre (—2, 4) 


(oO — (9) о ( « (7) e (13) 
Qu. o) (hy (710) 2. (5.2) 3. (5.6) 

4. (8, —5) 5. (0, 6) 6. (4, —7) 7. (-3,4) 8. (-3, —5) 

9. (—1, —8) 10. (5,2) 11. (-2,1) 


page 170 Exercise 10 


7. (4, 8), (8, 4), (10, 10) 
10. (1, 4), (7, 8), (11, 2) 


8. (3, 6), (7, 2), (9, 8) 
11. (2,1), +3 


9. (1, 1), (10, 4), (4, 7) 
12. (11,9), 3 
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13. (5, 4), -2 14. (6, 6), -1 
16. (3, 4), (3, 3), (6, 3) 17. (3, 7), (1, 7), (3, 2) 
19. (6, 5), (31, 5), (35, 3) 
page 171 Exercise 11 
1. (b) (i) Rotation 90° clockwise, centre (0, —2) 


(ii) Reflection in y 2 x 

(iii) Translation 3) 

(iv) Enlargement, scale factor 2, centre (—5, 5) 
(v) Translation (77 


(vi) Reflection in yz x 


. (a) Rotation 90? clockwise, centre (4, —2) 


(b) Translation : 


(c) Reflection in y = х 

(d) Enlargement, scale factor 5, centre (7, —7) 
(e) Rotation 90? anticlockwise, centre (—8, 0) 
(f) Enlargement, scale factor 2, centre (—1, —9) 
(г) Rotation 90° anticlockwise, centre (7, 3) 


. (a) Enlargement, scale factor 13, centre (1, —4) 


(b) Rotation 90? clockwise, centre (0, —4) 
(c) Reflection in y -х 

(d) Translation п) 

(e) Enlargement, scale factor 3, centre (—3, 8) 
(f) Rotation 90° anticlockwise, centre (5, 61) 
(g) Enlargement, scale factor 3, centre (—2, 5) 


page 172 Exercise 12 


1. (2, -3) 2. (5, -1) 3. (6, 4) 
6. (—6,4) 7. (3, -2) 8. (3,2) 
11. (—3, 2) 12. (-3, -2) 13. (-3, 52) 
16. (-2, 3) 17. (0, 4) 18. (6, 8) 
page 172 Exercise 13 
1. Те, Ts; К, 2. T3, Ty; M, 3. Ta, T5; M, 
6. Ti, Ts; M 7. Та, T3; M; 8. Та, Те; M, 
11. Ts. Ts; M, 12. Ts, T; В, 13. Tas T К, 
16. Te, То, Tj К, 17. Ts. Т», T}; R, 18. Т», Т», Та; М. 
21. Т», Та, Т.; 1 22. Ts, Та, Тв; 1 23. ТА, Ts, Ts; M, 


page 173 Exercise 14 


1. 
2. 
3. 


4. 


(a) (—4, 4) (b) (2, —2) (с) (0, 0) 
(a) (-2,5) (b) (-4, 0) (c) (2, -2) 
(a) reflection in y-axis 


(b) rotation 180^, centre (-2, 2) 
(c) rotation 90? clockwise, centre (2, 2) 
rotation 90? anticlockwise, centre (0, 0) 


4. 
. (-2, 3) 
14. 
19. 


15. (5, 1), (6, 1), (5, 5) 
18. (10, 7), (6, 7), (6, 5) 


(4, —6) 


(-6, -4) 
(3, 2) 


. T2, Tg; M4 
° Та, Ti; К. 
14. 
19. 
24. 


Тз, Ta; I 
Ts; ТА, Та; M, 
Ts, Т, Та; R, 


(d) (0, 4) 
(d) (1, -1) 


5. 
10. 
15. 
20. 


(0, 0) 
(0, 0) 
(6, 0) 
(0, 0) 


. Т;, Т;; М. 
10. 
15. 
20. 
25. 


Та, То; R, 

T4, T4; M, 
Т, Т, Тз; M, 
No 


(e) (0, 0) 
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(b) translation ( =2) 


(c) rotation 90° anticlockwise, centre (2, —4 

(d) rotation 90° anticlockwise, centre (—4, 33) 
5. (a) rotation 90° anticlockwise, centre (2, 2) 

(b) enlargement, scale factor 1, centre (8, 6) 

(c) rotation 90° clockwise, centre (—5, —35) 
6. A~': reflection in x = 2 

В: В 


C^! : translation (8) 


D':D 
Е!:Е 


Е-!: translation E 


67! : 90° rotation anticlockwise, centre (0, 0) 
Н”!: enlargement, scale factor 2, centre (0, 0) 


7. (а) (4, 0) (b) (-6, —1) (с) (-2, -2) (9) (2, -2) (е) (6. 2) 
8. (а) (1, -6) (b) (4, -2) (с) (2, 7) (9) (4, -6) (е) (2, -4) 
9. (а) (-1,-2) (b) (8.2) (c) (4, —6) (d) (0, -2) 

10. (b) rotation, 180^, centre (4, 0) (c) translation (12) 


page 174 | Exercise 15 


2. (a) enlargement : scale factor 2, centre (0, 0) (b) enlargement : scale factor —3, centre (0, 0) 
(c) reflection in y -х (d) enlargement : scale factor —2, centre (0, 0) 
3. A: reflection in x-axis B : reflection in y-axis С: reflection in y =x 
D : rotation, —90°, centre (0, 0) Е : reflection in y = —x Е: rotation, 180°, centre (0, 0) 
G : rotation, +90°, centre (0, 0) H : identity (no change) 
. (a) ratio 4:1 (b) гапо < 4:1 
. rotation 45? anticlockwise; enlargement scale factor V2 (1:41) 
. rotation 26:6? clockwise; enlargement scale factor М5 (2-24) 
. (d) rotation 90° clockwise, centre (0, 0) 
у = 2х 9, у= X 
. (c) OB = V20, OB’ = 3V20 (d) 36.9? 
(e) rotation 36-9*; enlargement scale factor 3 


DONDA 


m 


0 E E : [s —0.5 | 
H. (а) | 0 о = (9 (0,5 0.866 
0 3 te pco 2 -0-5 ) pid 0] 
(d) Ё 0 (е) (0.866 0-5 (Di 05 -046/ (2) (0707 0:707 
0-6 ES 
(h) Hr 0-6 
12. (a) 4-90? (b) 436.9? (c) —60? (d) -53-19 
page 176 Exercise 16 
1. (a) reflection in y =x-— 1 (b) reflection in y = 1 
(c) rotation —90°, centre (2, —2) (d) enlargement, scale factor 3, centre (2, —1) 
2. BA =A then B 3. BA=A then B 
5. (a) (14,3) (b) m=3,n=} (с) h=1,k=-2 


6. (а) (2,2) o (2) ө) (0 2)(*)+(_2) 
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7. (a) x 22 (c) (4) 
в. 0 (0:212)-(:) e( 90+ 
eC, 909«8e( YE) 


page 177 Exercise 17 


(О) 


| 


1 
1 
0 
2 


«4 


1. rotation: +90°, centre (0, 0) 2. reflection in y-axis 
3. reflection in у = —x 4. reflection in y=x 
5. enlargement: scale factor 2, centre (0, 0) 6. enlargement: scale factor 1, centre (0, 0) 
7. stretch: parallel to x-axis, scale factor 3 8. shear: x-axis invariant 
9. shear: y-axis invariant 10. stretch: parallel to y-axis, scale factor 2 
11. enlargement: scale factor —2, centre (0, 0) 12. enlargement: scale factor —3, centre (0, 0) 
0 Е (0 3 E 0) e 2) 
13. (0 0 14. 1 0 15. о 1 16. 0—1 
3 s ( 0 E D. 2) (! |) 
17. ( 3 18. -1 0 19. 0 —2 20. 0 -1 
0 1) 10 
а, (01 а (9 
page 178 Exercise 18 
1. x =0 (y-axis) 2. y=0 
3. stretch: parallel to x-axis, scale factor 2 4. ше parallel to x-axis, scale factor 3 
5. stretch: parallel to y-axis, scale factor 2 6. stretch: parallel to x-axis, scale factor 15 
7. shear: x-axis invariant 8. stretch: parallel to x-axis, scale factor -2 
9. stretch: parallel to y-axis, scale factor 3 10. stretch: parallel to x-axis, scale factor 1 
11. уж -х 12. у= -х 
page 179 Revision Exercise 8A 
6 4) (4 E 1; 1 ( i) 
. (а) (6 4 ы( 7 e (5; Bu 
1 3 
(e) (o 3) 
=> -i (2 6) С 22) 
#48) | 5 i) (i4 2 CON 57 
171 Ес -(1 3) 4 5 3 
3. (a) (14); ( 3 15 (b) X= 2 4 4 54-3 2 
шар qr Е zd quie 
5. х=3; (C1 3 6. h=4, k= 
7. (а) а = +4 (b) аз 
8. (a) (4, —1) (b) (4, 1) c) (-3, 2) 
9. (a) A'(-3, - 1) B'(1, 21) С(-3, -7) (b) A'Q, -2) B'(6, -2) C'(2, -8) 


(с) A'(1, 1) B'Q, 1) C'(1, 25) 

(e) A'(—2, 2) B'(—6, 2) С(-2, 8) 
. (a) reflection in y-axis 

(d) reflection in y = —x 


11. (a) reflection in x 21 (b) reflection in y = —x 
12. (a) (-1, —3) (b) (—1, 3) (c) (6, 2) 
13. (a) (—1, 2) (b) (1, -2) (с) (10, -2) 


(b) reflection in y 2 x 
(e) rotation 180°, centre (0, 0) 


(d) A'(4, 2) B'(3, 2) C'(4, 33) 


(c) rotation —90°, centre (0, 0) 
(f) rotation —90°, centre (0, 0) 
(c) rotation 180°, centre (1, 1) 

(e) (-2, 6) (f) (0, 2) 

(e) (-10,2) (f) (12, 2) 


(9) (—3, 1) 
(d) (6, -2) 


14. 
15. 


16. 


17. 


18. 


19. 
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(a) (-2, 5) (b) (—4, -3) (c) rotation +90°, centre (0, 0) 
(a) rotation +90° centre (0,0) (b) reflection in x-axis (c) rotation 180", centre (0, 0) 
(d) rotation —90?, centre (0, 0) (e) reflection in y = —x 
(a) reflection in y =x (b) reflection in y-axis 
(c) enlargement, scale factor 3, centre (0, 0) 

-1 о (! 0) 4 J ( 0 B 
e Cy -i (5) (0-1 © (0 4 Ото 

0 3 

(e) 8. 0 
(а) enlargement, scale factor 2, centre (0, 0); translation (2 
(5) (11, -4) (c) (3. -1) (d) (1,3) 

0 3 (1 0) ( 0 t 
(a) $ 0 (0101 C eT. 


(d) (° ES АВ = rotation —90°, centre (0, 0) 
1 0/ BAsrotation +90°, centre (0, 0) 


page 180 Examination Exercise 8B 


1. 


(i) (a) reflection in x-axis (b) rotation 90? anticlockwise, centre (0, 0) 
(c) translation : 


(ii) reflection in y =x 


2. (d) (i) translation (б) (ii) reflection in x-axis 
6 13 10 5 
за) № 3) (b) | 5 3 
4. (а) (5, 0), (10, 0), (3. 9) (c) rotation 37? clockwise, centre (0, 0) 
x 3 E 2 
5. (a) (i) (3) (ii) ( 9 
(c) (i) reflection in y axis 
(1) reflection in y = —x 
(11) rotation 90? anticlockwise, centre (0, 0) 
6. (b) retlection in y 2 —x (с) P'(3. 0). Q'(2. 1) (d) reflection in x + y = 3 
M af a (78 6 
7. (i) (74 3) (ii) (3, —1) (iii) ЇЕ 6) 


(iv) enlargement, scale factor 8, centre (0, 0) 


. (a) А’(2, 2), B'(1, 3) 


(c) rotation 45? anticlockwise, centre (0, 0); enlargement scale factor V2, centre (0, 0) 


(9) (4. -2) 


(C) 90. (i) 8-9) 
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PART 9 


page 184 Exercise 1 


1. (а) 7 (b) 4 (c) 4 (d) 19 (e) 8 
2. (a) 9 (b) 5 (c) 4 (d) 20 (e) 31 
3. (а) 8 (b) 3 (c) 3 (d) 2 (e) 17 (f) 0 
4. (a) 59 (b) 11 (c) 5 (d) 40 (e) 11 (f) 124 
5. (a) 120 (b) 120 (c) 490 (d) 80 (e) 40 (f) 10 
(g) 500 
page 185 Exercise 2 
1. (a) {5,7} (b) {1, 2, 3, 4. 5, 6. 7. 8, 9. И, 13} (c) 5 (d) 11 
(e) true (f) true (g) false (h) true 
2. (a) {2,3,5,7} (b) {1,2,3,... 9} (c) 4 (d) @ 
(e) false (f) true (g) false (h) true 
3. (a) (2. 4, 6, 8, 10} (b) {16, 18, 20} (c) 9 (d) 15 
(е) 11 (Г) 21 (р) false (h) false (i) true 
(j) true. | 
4. (a) (1.3.4.5) (b) (1,5) (c) ! (d) (1,5) (e) (1,3, 5, 10) 
(f) 4 (g) true (h) false (i) true 
5, (a) 4 (b) 3 (c) (b. d) (d) (a.b, c,.d,e) (е) 5 
(f) 2 
6. (a) 2 (b) 4 | (c) (1.2, 4,6, 7, 8,9) (d) (7,9) 
(e) (1, 2, 4) (f) (1, 2, 4, 7.9} (g) (1.2, 4, 6, 8} (h) (6, 7, 8.9} 
(1) (1.2,4, 7,9) 
page 186 Exercise 3 
7. (а) AU B (5) А" ПВ (c) (A U B)' (d) YAX 
page 187 Exercise 4 
1. (а) 10-х (b) 13-х (d) 5 2. 9 3. 14 
4. 3 5. 36 6. 3 7. 11 8. 5 
9. 28 10. x — 6; 26 11. 34 12. (a) 12 (b) 5 
13. x = 10; 30 14. 2 
15. (a) АП good footballers are Scottish men. (b) No good footballers are Scottish men. 
(c) There are some good footballers who are Scottish men. 
16. (a) The football players are all boys. (b) The hockey players are all girls. 
(c) There are some people who play both football and hockey. 
(d) There are no boys who play hockey. (е) BAF=Ø (f) HUF=¢ 
17. (а) SNT=@ (b ЕСТ (с) БПЕЖ О 
(d) АП living creatures are either spiders, animals that ћу or animals which taste nice. 
(e) Animals which taste nice are all spiders. 
18. (a) All tigers who believe in fairies also believe in Eskimos. 
(b) АП tigers who believe in fairies ог Eskimos are in hospital. 
(c) There are no tigers in hospital who believe in Eskimos. 
(d НСТ (е) TNX#@ 
19. (a) There are no good bridge players called Peter. 


(b) All school teachers are either called Peter, are good bridge players or are women. 
(c) There are some women teachers called Peter. 
(d WN В=@ (е) B C (W ПР) 


Answers Part 9 


page 190 Exercise 5 


1. d 2. 2c 
6. 3c 7. —2d 
11. c+d 12. с+ 2d 
16. 2c + 3d 17. 2c - d 
21. —с+9 22. —c —2d 
26. с + 6d 27. ОЇ 
31. OF 32. QJ 
36. OX 37. QW 
39. (a) —a (b) a+b 
40. (а) а + (b) а- 2b 
41. (a) -а-Ь (b) 3a—b 
42. (а) a—2b (b) a-b 
43. (a) -2а+2Ь  (b)2a-b 
44. (а) 2a—c (b) 2а4-с 
45. (a) Ь-с (b) 2b + 2c 
46. (a) atc (b) -а+с 
page 191 Exercise 6 
1. (a) a (b) -a+ b 
(f) -а+Ь (г) а+Ь 
2. (a) a (b) -а+Ь 
(f) —a + $b (g) а+ 3b 
3. (a) 2a (b) -а+Ь 
(t) -a+b — (g)iatb 
4. (a) За (D -a +b 
(f) -a+% (в) ja + fb 
5. (a) 5a (b) b-a 
(f) b — 4a (в) га + b 
6. (a) 4a (b) 9-а 
0) b-a (да+ 
7. is— st 8. га +5 
11. (a) Ь-а (b) b-a 
(f) 2b —3a 
12. (a) y-z (b) iy- iz 


(Е) sx sy +32 


page 194 Exercise 7 
a 

в. (71 
2) 

в. (18 


23. 


Cis) 


page 195 Exercise 8 


1. 


5. 


C3) 


(a) ( 3) 


38. Ok 

(с) 2a— b 

(c) -a+b 

(c) 2a— b 

(c) 2a 

(с) За – b 

(с) За 

(с) а+2Ь + 2c 
(c) а+Ь+с 


(с) 2b 

(h) b 

(c) 3b 
(h) 3b 

(c) 2b 
(h) га +b 
(c) 4b 

(h) -за + 5b 
(c) 5b 

(h) a+b 
(c) 3b 

(h) Ya + Ь 
9, atc—- b 
(c) 2b — 2a 


(c) ју + i 


х ® (S CS) 


of 


4. 3d 
9, —3c 
14. Зс+ d 
19. -е+ га 
24. —3c — 6d 
— 
29. OH 


34. OL 


(d) -а+Ь 
(d) -а-Ь 
(d) —2а+Ь 
(d) -2а + ЗЬ 
(d) -За + b 
(d) а+Ъ+ с 
(d) -а-Ь 
(d) b—c 


(d) —2a 

(i) —b+2a 
(d) —2a 

(i) —b+2a 
(d) -За 

(i) —b+3a 
(d) -за 

(i) 3a— b 


(1) 5a—b 
10. 2m + 2n 
(d) b — 2а 


(d) -xtaytz 


16. (4) 


i3 
a. (В 


; М(35, 35) | 
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(е) —3a — b 
(e) -а-Ь+с 
(e) -а+ 2с 


(e) -2а+ 2b 
()) —2b+a 
(e) —2а + 3b 
()) ~3b+a 
(е) -За + 2b 
(j) -20+а 
(е) -за+ 4b 
(|) a- 4b 

(e) 3b — 6a 


(e) Ь-2а. 
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Answers Part 9 


о (5 
1. (a) @ (79) 
(b) (i) (_9) 


) (doce 
) чб 

) — e(j 

0 


-1 0 0 
в. („ог (a) 94091: 
10. (а) 4-р (b) q+ 2p (c) p+q 
и. © ( 3) t» (3) 9 (7) 
page 196 Exercise 9 
1. 5 2. V17 3. 13 4. 3 
6. У45 7. М74 8. М208 9. 10 
11. (a) V320 (b) no 12. (a) V148 (b) no 
14. V26 15. V5 16. (a) 5 (b) n= 
17. (a) 13 (b) т= +13 18. (a) 5 (b) р=0 
19. (a) 9 (b) 6 (c) 5 
20. (a) 30 (b) 5 (c) М50 (d) 4 
page 197 > Exercise 10 
1. (a) 2a; 3b (b) –ђ+а (c) —3b + 2a 
(e) 4a — 6b (f) EC - 2bED 
2. (a) 2b; га (b) ~a +b (c) -за- 2b 
(e) —Ка + 6b (t) XC = 3XY 
3. (a) —b + à; -3Ь + За (b) —2b + За (c) —за; —2b + За 
4. (a) —a + b; -за + ib (b) За; —1а + ib (c) -за+ 2b 
5. (а) ~b +a; -За+Ь (b) — за + ib (с) (k —3)a + (1-К)Ь 
6. (a) —а+Ь (b) 14-19 (с) за + 4b 
(е) т=з | 
7. (а) -с+ (b) -зс +50 (c) +39 
(e) n=; 
8. (a) —a + b; -За+ №; la + ib (b) ја + ib 
(d) -a+4b (e) m=; 
9. (a) -a+ b (b) ap (с) -а+с 
(e) 3a + ic (f) —3b+4a+ ic (г) atc=b 
10. (а) –ђ+а (b) та + (1 — т)Ь (с) да + 2b 
11. (a) -с+а; ЕЕ (b) -с+ 3d 


(c) (1-4) e Ла 


page 199 


1. (а) 5, 10, 1 
16. (a) —9, 11,5 


Exercise 11 


fd) (1-4) e* da кде Ка; h- 


(b) 21, 101, -29 


(b) 0, V2, V6 
(b) #3 


(c) +2 


(c) 4, 1-2, 36 
(0) — 


и 


(9) ( 


-3 


4) 


5. 5 
10. V89 
13. V29 


(d) 4a — 3b 


(d) -5а + 6b 


— 


(d) MX 2 3MP 
(d) k=; 

(d) a+ (m — 1)b 
(d) с+ (n — 1)d 
(c) -за + b 
(d) —а+х 


4 


(4) n=} m=; 


2 0—1 
= k=; 


(d) +6 


Answers Part 9 


21. (а)10, 21 (b) 111, 411, 990, 112 

22. (a) 7 (b) 10 
(e) 7 (f) 7 

23. (a) 3 (b) 6 

24. (a) 11 (b) 17 

25. (a) 5 (b) 17 

26. a=3,b=5 27. а=2,ђ = —5 

page 201 Exercise 12 

1. (a) хі 4(х + 5) (b) х 4х + 5 
(е) хэ x? + 5 (f) x iS AQ? + 5) 

2. (а) -2:5 (b) үз 

3. (а) xb 2(х- 3) (b) x= 2x – 3 
(e) x (2x? -3 (Г) xb (2x - 3)? 

4. (a) 2 (b) 11 (c) 6 

5. (a) —3 b) 2 

6. (а) x — 2(3х — 1) + 1 


(d) x — (3x – 1)? 


(е) x> 20x – 1 +1 


7. (a) 11 (b) 9 (c) 11 
8. (a) 2 (b) 0,2 
9. хк» 212 10. x» = +2 
13. xi E41 14. x ®+®2—4 
(торњу = = 18. xi» 26-201 
21. х > 4[S(x — 7) — 6] 
22. (a) Vx (b) log (c) x! 
(f) tan (в) i (h) V 
(k) tan (l) x! (m) cos 
(p) ; (q) x! (r) log 
page 201 Revision Exercise 9А 


1. (a) (5) 
3. (а) 





(b) (1,3,5, 6, 7) 


4. (а) (AU B) ПС (b (А ОВ) ПС 
5. (a) (i) SC T(ii) зпм #0 

6. (a) 4 (b) 11 (c) 17 

8. (a) 5 (b) м68 (c) V41 

10. (а) (7) e (4) 

11. (а) а-с (b) за + с 

12. m=3,n=2 13. (а) (77) 

14. (а) —5 (b) 0 


(с) {2,4,6,7, 
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(с) 5 (d) 14 

(с) 8 (4) 10 

(с) 7 

(c) 13 (d) 3 

28. а-7,5-1 

(c) x 5 (4х) (d) хі 4x? 

(в) хі [4x + 5) 

(с) х x? -3 (d) х1 (2x)? 

(d) 2 (e) 1 (f) 64 

(c) 5 (d) 5 

(b) х-> 32x +1) – 1 (с) x 2х? + 1 

(f) x 3(2х2 + 1) - 1 

(d) 14 (e) 81 (f) -1 

(c) +V2 

П. х -2 12. хэ 35 

15. х 2210-2 16 х2 

I9. хі 4(5х +3) 41 20. x ue) 10 
(d) x? (е) 1 
(i) cos (j) log or In 
(n) sin (0) cos 

8} (d) {2,4,8} (е) {1,2,3,4,5,8} 2. 32 

& (с) & 


Q 


R 


7. (а) г-р 
9. п= 2, т = – 15 


(9 ( 2) 


P Q 


R 


(b) There are no women on the train over 25 years old. 
(b) jr — ip 


(c) зг + ip 


ө 0) 


(с) fa—4e СА is parallel to NM and СА = 2 NM. 


ы (70) 
(c) -3 


e (F) 
(d) 8; #:хњ 4х-9 
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15. пих EZA, я: х|> 5х + 2 (а) 3 (b) 51 
16. (а) 3 (b) 0,5 


page 202 = Examination Exercise 9B 


1. (3) 3 (b) 7 (c) (i) 15 (ii) 6 
Ok = ја Can only use word processor 





2. OK = 4a, OL =2b, KB =b - ja, AL = 2b - a; 4:1 
3. АС- =x+y, AO =y, сна BE = у – 2х 
4. (b) ВС- ( 3), Ср = ЇЕ 3) (d) DE = (-3) 
-2 -2 2 
(e) Continues B — С D — Е and so оп. 
5. (a) ib, $b, a — b (b) За — ib, За 
(c) trapezium (d) 2 (e) 27 cm? 
6. (а) ја — b, ia — ib 
(b) 3 (c) (i) 20 cm? (ii) 12 cm? (iii) 12 cm? 
7. (a) i^ х? – 7 (ii) х- 1 (b) x 23 
8. (iii) -2- 240 
9. (а) 16 (5) 2 (4) 32 (e) x 2х + 16 
PART 10 
page 206 Exercise 1 
1. (a) Squash (b) 160 (c) 10 
3. (a) £3000 (b) £4000 (c) £6000 (d) £11000 
4. red 50°; green 70°; blue 110°; yellow 40°; pink 90° 
5. eggs 270°; milk 12°; butter 23-4°; cheese 54°; salt/pepper 0:62 
6. (a) А 60°; B 100°; C 60°; D 140°; EO? (b) A 50°; B 75°; C 170°; D 40°; E 25° 
(c) A 48-55; В 76:22, C 62:39, D 96:9°; E 76-2? 
7. 18°, 54°, 54°, 234? 8. 80°, 120°, 160° 9. x - 8 10. 100 
11. 21-6, 1:8? 12. (a) 22:596 (b) х = 45°, у = 114° 
15. Area of second apple looks much more than twice area of first. 
16. Vertical axis starts at 130. 
page 208 Exercise 2 
1. (а) mean—6; тейіап = 5; mode = 4. (b) теап = 9; median=7 ; тойе =7. 
(с) mean = 6:5; median = 8; mode=9. (d) mean = 3-5; median = 3-5; mode = 4. 
2. (a) mean = 7:82; median = 8; mode- 8. (b) mean = 5; median = 4; mode = 4. 
(c) mean = 2:1; median = 2:5; mode = 4. (d) mean =}; median =!; mode =! 
3. 78 kg 4. 35:2 ст 5. (а) 2 (b) 9 
6. (а) 20-4 т (b) 12:8 т (с) 1:66 m 7. 55 Кр 8. 12 
9. 3-38 10. 3:475 
11. (а) mean = 3:025; median = 3; mode = 3. (b) mean = 17:75; median = 17; mode = 17. 
(с) mean = 3:38; median = 4; mode = 4. 
12. (а) 5:17 (b) 5 13. (1) 9 (ii) 9 (iii) 1 
14. (i) 5 (1) 10 (11) 10 15. 12 16. 33 


17. 4-68 18. (a) (i) 0-6 (ii) 0 (b) 0-675 


Answers Part 10 


19. (a) N (b) mean = N? + 2; median = №? (c) 2 
20 ах + бу + cz 
" а+6+с 
ра е211 Exercise 3 
1. (а) 45 (0) 28, 60 (с) 32 (4) 35 
2. (а) 31 (9) 26, 38 (с) 12 (4) 29 
З. (а) 20 Кр (b) 10-5kg 4. (a) 80-5 cm (b) 22 cm 
5. (a) 715 (b) 205 6. (а) 45 (b) 14 
7. (а) 36-58 (b) 20g (c) 15 
8. (a) 26 (b) 25-8 (c) 26-1 
page 213 Exercise 4 
1. (a) 5 (b) 3 (с) 5 (d) = 
ч 6 E 2 (с) 5 (4) 3 
- (а) 4 2 
4. (a) 0) 3 (ii) 3 (b) (i) 5 (ii) 5 
о ss " 
€) 13 В) 13 
6. (а) 1; (b) å (c) 0 (d) т; 
| c 008 
· (a) 3 à с) в (9) 
э. (a) $ (b) 3 © 8 (с), 
10. E : (b) 55 (с) тоо (d) 5 
€) 50 
1. (а) т; (b) 5 (c) 8 (d) 6 
(e) 1; most likely total = 7. 
12. о) E (b) % (c) 3 (d) 5 
€) 36 
кн NO m B 
Bx 16. 21 EL ай 
• 999 * 1006 • 12: 
18. (а) та (b) is (c) +; head, tail and total of 7. 
19. А ar Е т (с) 4 (d) 15 
e) 7 36 
page 215 Exercise 5 
1. (a) 4 05 2. (a) 1 (b) : (с) ! 
3. (а) 73 (b) 5 (c) в 4. (а) 55 (b) та 
595 — (5 (© 5 (i (е) zx (=>) 
4. 23. 3. 25 
s omb о ын 
. 121 m 121 . a) 288 (b) = 
9. (а) ps (b) gs (c) Шш (d) зо (е) 50 
10. (а); (b) 5 (c) 3 (d) 5 (e) im 
и. (а) $ (b) 2 (c) $ 


(е) 25 
(е) 80 


(c) 5 


(с) + 
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page 217 Exercise 6 











1. (а) тю (b) тв 2. (а) å (b) s 3. (а) 5 (b) 5 
4. (а) 5 5 (c) з 45 (d) m 

5. (а) 5 (b) 3 (c) 3 (d) 5 

6. (а) за (b) ж (c) 5 (d) зв 

7. (а) ы (b) 35 () а | 

8. (a) 6 (b) ж (c) ж (d) $ 

9. (а) & (b) ы 10. (a) 6 (b) 3 

п. (а) а (b) & (c) å (d) гр Sum = 1 
12. (а) эх 16 Х ig (= па) (b) ixi Х (= ти) (с) (5X 16 X 1) X 6 

(d) ухъхъхъ 
523 94 
13. (а) тожо (b) 10000 (c) 104 
14. (a) — (b) —oxx-1 . (a) шу (4) Уо) . 
х+у (x + y)(x*ty- 1) (х+у)«+у- 1) (х+у)х+у- 1) 
хх-1 2x(z—x 

15. (а) Ž ux ir 

16. 3 17. т 18. (а) 5 (b) 2 й 

19. (а) $ (b) 3 (с) в (d) & (e) i (f) 5 
20. (а) zi (b) = (c) ii (d) 5 (e) 300 

10x9 990 x 989 2 x 10 x 990 

a 1000 x 999 (b) 1000 x 999 (с) “1000 х 999 

22. (а) 5 (b) 50 (c) 3 

23. (a) 0 00781 (b) 0-511 

24. (a) ж (b) жм (c) 3 
page 219 Revision Exercise 10A 

1. 162? 2. 41.7% 3. 54° 

4. (а) 84 (b) 19.2 5. (а) 3:4 (b) 3 (c) 3 
6. (a) 5-45 (b) 5 93 5 7. 1-552 т 8. 3 
9. 1 10. 5 11. 12. = 

13. (a) + (b) 5 (c) à 7 

x x хх- 1 1 

Hu туз (b) (5 ЕР 5) +) 15. 15 
16. (а) 5 (b) = 17. (а) i (b) 1 18. 2 
19. (a) 4 (b) + (c) 0 20. >з 
page 220 Examination Exercise 108 

1. (a) 16 (b) 54 (c) 1-8 

2. (a) £20 (c) £50 (d) 60” 

3. (b) (i) £114 (ii) £3-80 

4. (ii) (а) 190g (Ы) 70 (iii) (a) 36 kg (b) 23 kg 

5. (b) (i) 4600 (ii) 54 (iii) 23 (iv) 20% (v) 40 
6. (a) 144? (b) 596 





Answers Part 12 


7. (а) (0 555933 
(b) (i) 3 

8. (b) (i) i; 

9. (i) 5, 6.3 

10. (а) ; 

11. (а) (i) 5 


РАНТ 12 


page 251 Тез! 


1. 20, 10, 5,2 
6. 25 

11. £15000 
16. 108 
21. £17-70 


page 252  Test2 


1. 153 
6. 51 
11. 133 
16. 302 
21. 42.4% 


page 253 Test3 


1. 60* 
6. 0-7 
11. 7,8 
16. 165 
21. £2500 


page254 Test4 


1. 822 

6. 11 

11. 6:3 

16. 13:55 cm 
21. 10 min 


page255 Теѕі 5 


1. 200 
6. 0-025 
11. 11 
16. 8,9 
21. 55:10 


2. 
. 500 (+50) 
. £3.85 

. 30 litres 

. £33 


(ii) right-handed 
4 


Mental arithmetic 


£4-40 


.4 

‚ б 

. Wednesday 
50 


. £157 


. 0.05 

. 5h20 min 
; £2 

12 

. 2013 


. 72р 
. 325 
. £8.70 
. 10 cm 
. 62p 


. £1:20 
. 2550g 


. £80 
. £25 


(iit) left-handed 


(iii) 2 
(iii) 3 
(с) $ 


(iii) 3 


: 42:10 


1000 
. £27-50 
. 7 cm 
. 1950 


"S 

. £6 

. 34р 

$37 

. 050° (x10?) 


. 80% 


. 0:25 


°. 12 

‚ £240 

‚ £9 

‚ 100° (5109) 


‚ 250 
‚ £40000 
. £111 
. £3-80 
. £217 


(b) Yes 


. £26 
. 2-65 

.8 

. £2 

. 40° (£10?) 


. 105 sq. yd. 
“32 

. £9 

. £62-67 

. £10-30 


. 8000 

. 6cm 

. 49:2 

. 105 mph 
. 37-69 


. 90 n. miles 
. £25000 

‚ 5 

‚ #12 

. £390 


. 500 m? 
. 150° 

. £15 

. 18:35 
. £32 
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. 8 min 


. 84 
. 45 
. 55 litres 


. 2000000 
. 150 
. 60 mph 


. £96.99 


. £16:90 

. 0:001 

. £12:50 

. 1 h30 min 
. #78 


.8 
. 49000 

. £37-50 

. £341 

. 120° (+10°) 


. #8.70 

. £150 

. 12 

. 4h 50 min 
. 48 
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page 256 Тея 6 





1. 50, 20, 5, 1 2. 86 3. 6 4. £7-50 5. 20 cm 
6. 4 7. 100 8. 7: 9. 50 10. 2997 m 
1. #25 12. 120 13. 2 14. 60 p 15. £12 
16. 39“ 17. 1440 18. 10cm (+ 1 cm) 19. Mazda 20. 35 min 
21. #99-85 22. 2107 23. 250° + 10° 24. £83 25. 72° + 5° 
page 257  Test7 

1. (50, 10, 2, 1, 1) ог (20, 20, 20, 2, 2) ог (50, 5, 5, 2, 2) 

2. 1 h 40 min 3. #10-50 4. 7200 5. 61 6. 146 
7. 2500000 8. £18 9. £50 10. £750 11. 1888 
12. 20 13. 71:6 kg 14. 30p 15. 3 16. 6cm 
17. 50 litres 18. 6 19. ЗА p 20. 66 litres 21. £80 
22. 280° + 10° 23. £54 24. 85 min 25. £9-32 

PART 12 Revision tests 
page258 Testl 

1.С 2. D 3. D 4. B 5. А 

6. С 7. А 8. D 9. C 10. B 

11. C 12. A 13. D 14. C 15. C 

16. D 17. A 18. C 19. B 20. D 
21. A 22. C 23. B 24. B 25. C 
раве 259  Test2 

1. В 2. С 3. А 4. В 5. D 

6. С 7. А 8. р 9. В 10. С 

11. В 12. р 13. А 14. D 15. C 

16. D 17. B 18. A 19. B 20. B 

21. C 22. D 23. A 24. A 25. B 
page 260 Тезї3 

1. D 2. D 3. D 4. B 5. A 

6. C 7. А 8. D 9. D 10. B 

11. C 12. D 13. D 14. B 15. A 
16. B 17. C 18. А 19. D 20. D 
21. C 22. A 23. B 24. B 25. D 
page 262 “Тез 4 

1. B 2. B 3-5 4. С 5. D 

6. A 7. B 8. C 9. D 10. B 

11. C 12. A 13. B 14. B 15. D 
16. A 17. C 18. B 19. B 20. D 
21. A 22. C 23. C 24. C 25. A 
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